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The eighth in the series of «* First Books of Natural History,'* 
comprises the Elements of Geology. 

The volume has been compilecj chiefly from the work of F. S. 
Beudant, and that of Mihie Edwards, and Achille Cornte. The 
works of other writers have been consulted, and freely used; 
amongst them, Ansted, Lyell, Mantel, Murchison, Trimmer, Buck- 
land, Bakewell, De la Beche, Lea, Parkinson, PhiJlips, Dana, 
Percival, Charles T. Jackson, Henry D. Rogers, Morton, Conmd, 
&c., &c. 

The numerous illustrations, to the execution of which we par- 
ticularly invite attention, were engraved by Mr. G. Thomas, of 
Philadelphia. We believe better wood-cuts have never been 
engraved in the United States for any work of the kind, and as a 
sample of the art, they are creditable to our country. 

The explanations and etymolc^ies of technical words are given 
as they occur, either in the text, or in foot-notes ; and in many, if 
not in all cases, the pronunciation of these words has been indi- 
cated by accents. An ample glossary, which will be found suffi- 
ciently copious for the general reader, is also appended. When it 
occurs, the Greek omega has been marked thus (d), and italics 
have been substituted for Greek characters, because, it is presumed, 
many who may use this volume are unacquainted with the dead 
languages. 

It is believed this small volume contains aU that is requisite for 
acquiring a knowledge of the Elements of Greology, except the 
desire and consequent labour of the student, essential elements in 
the acquisition of knowledge of every kind. Without labour, 
knowledge cannot be obtained ; to reach the goal, the road must 
be travelled, no matter how smooth and easy it may be made ; there 
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18 no royal path to learning. When the student is roaster of Urn 
information contained in this book, he will be fully prepared im 
reading, advantageously, voluminous treatises, and the rafiimi 
geological reports and papers almost daily issuing from the presa. 
All knowledge is necessarily communicated from one person to 
another, through the medium of words, or signs. When branches^ 
or parts of knowledge, or ideas, become famiHar and common, the 
words representing them cease to be difficult. Then the comphtint 
about " hard words" ceases. Few persons acquainted with the 
instruments, complain that the words TTiermometer^ or Barometer^ 
are *« hard ;" the first is familiar to all, even to those ignorant of its 
construction and numerous practical uses. The names QuadrctrU 
and Sextant are not " hard words" to the most unlettejed seaman, 
and we may remark, in passmg, that the science of navigaticm 
would not be rendered of more easy acquisition, if those instru- 
ments were designated by the more familiar names of Bob and BiD. 
The votary of music doest not find the numerous terms, such as 
clef^ minim, semibreve, crotchet, or sonata, overture, aria, or 
pianissimo, crescend(y, forte, &c., obstacles in acquiring a know- 
ledge of the science. The same is true of all human sciences. 
Each has its technicalities and significant names, which cannot be 
changed without injury, or taken away without increasing the 
difficulties of acquiring knowledge. 

The names and terms employed in Natural History are very 
numerous, but most of them are very significant and appropriate. 
[t is true, some are of doubtful or remote meaning, and might have 
been better. The fashion of naming natural objects after dis- 
tinguished individuals, might be safely abandoned. All who are 
so fortunate as to discover a new genus, or species, should carefully 
select a name for it significant of some prominent quality or attri- 
bute, so that the generic and specific names would be together 
descriptive, as far as possible, of the object. 

Hard names are no real obstacles to the acquisition of science, 
and no benefit would arise by departing from systematic nomencla- 
ture in elementary works. One great object of such works, is to 
explain the meaning of the names and terms employed. Nursery, 
or ** baby talk," does not facilitate a child in learning to speak, or 
in acquiring ideas ; nor would the study of geology be facilitated 
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h^wnahgcma language. Probbblj Nataitd Histoiy has been made 
IbsIs onteresting in oar country, and has been less beneBcially 
ittttdied, in consequence of. attempts to employ old words, tdready 
iq[^Topriated to well-known things, to designate new objects. 

Hie -writer trusts the above remarks will be sufficient to meet 
the dejections of all those who cavil about " hard words.'* 

Besides being in itself very interesting, forming as it were the 
bloBSom and bloom of Natural History, a knowledge of zo'ology 
and botany being necessary to the study and recognition of animals 
and [dants in the fossil state. Geology is practically useful in a 
iagh. degree. To agriculture, and many of the mechanic arts, it 
is of great advantage, and it is not totally useless to any avocation 
or pursuit. A competent knowledge of Geology better enables the 
fffchitect to select materials for buildings, as well as sites for their 
erection ; the engineer learns from it where he may run a railroad 
or canal with the greatest facility^ and least cost; the miner is 
.guided in the pursuit of mineral wealth, metals, or coal, with 
greater certainty of success when assisted by this nobte science, 
which is more unerring than witch-hazel or diving rod ; it facili- 
tates the physician in the study 6f cHmate, and opens a wide ^Id 
to the divine for pointing out the wonders of the creation, and the 
^(Oodness of God. 

Before its natural history was explored, at a cost of more than 
two hundred thousand dollars, voted by the Legislature, vast sums 
of money were spent in vainly hunting for coal-mines in the state 
of New York. But after the geological surveyors reported that 
no coal could ever be discovered in the districts they had examined 
(because the several formations constituting the surface of these 
districts were those which are naturally below the coal-bearing 
series), these wasteful speculations were abandoned, although per- 
sons unacquainted with Geology complained that, "not satisfied 
with their inability to find coal themselves, the surveyors had 
decided that no one eke would ever be able to detect any, having 
had the presumption to pass sentence of future sterility on the 
whole land." But time will show there was no presumption or 
guess, but the sentence of the geologists was ' a positive deduction 
from their science — a deduction that has saved thousands of 
dollars to individuals, who would still seek for cod where it does 
not exist, were it not for a knowledge of Geology. 
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In order to study Geology with greater facility and success^ 
schools should be supplied with drawings, representing the principal 
facts in the science. Also, with some living shells, marine, flu- 
viatile, and terrestrial ; specimens of coral, turf, and volcanic pro- 
ducts, all distinctly labelled ; these, after being pointed out, should 
be left accessible to the pupils. 

To teach them the composition of the crust of the earth, there 
should be drawings of the different stratifications, and collecticMis 
of fossils characteristic of the several formations, all distinctly 
labelled. Where fossils cannot be obtained, casts representing 
them will serve a good purpose. Specimens of the various crys- 
talline and sedimentary rocks should form a part of the teacher's 
apparatus. 

To illustrate the various efilects attributable to igneous and 
aqueous causes, there should be some well-selected specim^as, 
distinctly labelled, of fossil-sheUs, encri'nites, of echini'des, c^ 
madrepores, &c., in order to compare them with those now existing. 
Drawings on a large scale, of &ults and crevices, of dykes and 
injected rocks, of basaltic bosses and of erosions attributable to 
water, should also belong to the school. During and after the 
lesson referring to a particular part of the subject, these speci- 
mens and drawings should be exhibited and explained to the pupls. 
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liESSON I. 

Geology defined. — Form of the Earth — its Surface — Ititemal 
Heat — Mineralogy defined — Definition of the term Rock^- 
Formations — Strata^^TTie Origin of St rata—' Vegetable Earth 
— Alluvium — Division of the Formaiions'^Plutonic Fonnar 
lions — Neptunian or stratified Bocks — Order of Strata — Temr 
pie of Jupiter Serapis — Subsidence and Elevation of Coasts. 

1. Geo'logy (from the Greek, ffc, the earth, and logos^ dis- 
course), or science of the earth, is that branch of Natural History 
which treats of the physical constitution of our globe. 

2. The earth, as is generally known, is in lorm of a ball, or 
spheroid, slightly flattened at the poles, floating freely in space. 
Its diameter is about 8000 miles, and its surface is irregular ; here 
it is studded with long chains of mountains, there hollowed by 
deep depressions; but these inequalities, however gigantic they 
may appear, when compared witn objects surrounding us, are in 
reality very trifling, in comparison with the mass of the globe ; 
they are proportionally much less than those we see on the skin 
of the smoothest orange, and if represented on a ball three feet in 
diameter, the highest mountains would be still so small as almost 
to require a microscope to perceive them. 

3. The deepest excavations of the surface of the globe are 
covered by great masses of water which conceal them and prevent 
their examination ; but there is reason to believe that the most pro- 
found depressions do not much exceed three miles in depth, below 
the surface of the sea, and we know by exact measurement that 
the summit of the loftiest mountains is not pix miles above the 
same level. 

Mont Blanc, the highest mountain in Europe, is 15,748 feet; Mont Perdu, 
of the Pjrrenecs, is 11,168 feet; Peak of Teneriffe, 12,172 feet; in South 
America, in the Cordillera of the Andes, there are still higher mountains ; 

1. What is Geology ? 

3. What is the form of the eartii? What is its size? What is the cha- 
racter of its surface 7 

3. What is the greatest depth of the sea ? What is the greatest height 
of land above the level of the sea ? 
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12 INTERNAL HEAT OF THE EARTH. 

Chimborazo, 21,440 ; lUimani, 24,450 feet ; and Soiota, 25,000. Tbtf Jiigli. 
est mountain in the world is in Asia, the Himalaya,' which rises 26,8i$^ feet 
above the level of the sea. 

4. The surface of the earth has not always possessed the stole 
configuration that it now presents ; it has been frequently upturned, 
and there is even reason to believe that the entire globe was a 
liquid mass, melted by heat, and that it gradually became solfd as 
it cooled. 

5. Except at comparatively shallow depths, we cannot examine 
the nature of the materials constituting our globe, not even by 
descending into mines, excavated for the purpose of.extracting the 
wealth they contain ; for the deepest of these excavations do not 
exceed 500 yards. But by calculations, it has been inferred that 
the centre of the earth cannot be occupied, either by water, or by 
vapour, but by matter as heavy as our heaviest metals, and so hot 
that it is probably in a state of constant fusion. 

6. A great number of facts concur in proving that the earth 
possesses an internal heat (the remnant of its original heat), inde- 
pendent of that which it receives from the sun. Its temperature 
increases in proportion as we descend to considerable depths; 
there are some very deep mines in which the workmen can only 
labour when naked, and wherever the water of a spring rises irom, 
a great depth, its temperature is always very high. This increase 
of temperature has even been measured, and it has been ascer- 
tained that the heat of the earth increases about two degrees, Faren- 
heit, for every 70 to 100 feet. In very deep cellars, where the 
influence of the seasons is not felt, and where the temperature is 
always the same, the thermometer, at Paris, stands at about 51 
degrees, and at a depth of 200 feet below these cellars the heat is 
about 55 degrees ; at a league below the surface, the temperature 
must be above that of boiling water, and at a depth of less than 
two leagues, it must be sufficient to melt tin. 

7. It appears to be demonstrated, that the globe, at some remote 
period, was in a state of incandescence, or liquefaction from heat, 
and that it cooled by degrees ; but we must not conclude that this 
cooling process has continued to the present time, and is still going 
forward ; it has almost, if not entirely, ceased. From the earliest 
records of history, to the present moment, the temperature of the 

4. Has the surface of the earth always been the same in form and shape 
as it now is ? Is it supposed that the globe has always been in its present 
condition ? 

5. What occupies the centre qf the earth ? 

6. Is the temperature of the earth the same at its centre as it is on the 
surface ? What reasons lead us to the conclusion that the earth poesesses 
an internal heat ? 

7. Is it supposed that the earth is becoming cooler and cooler every day T 
How is the earth enabled to preserve its temperature ? 
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'|[fobe has not sensibly changed, and by the oakuktions of the 
feftraed, it is proved that the surface of the earth receives firom the 
sun during a year a quantity of heat equivalent to that which it 
J9ses in the same space of time ; the internal heat of the earth no 
longer influences the temperature of its surface, except in an in^ 
sensible degree, and to diminish this influence, which is almost 
none at all, one-half, would require the lapse of 30,0()0 years. 

8. Our knowledge of the central portion of the globe is Hmited 
to what we have just said of its weight and temperature ; but the 
solid crust, constituting its surface, huas been better studied. 

9. This crust is not formed of a single piece, but is composed 
of a gieat numiber of various materials. The study of these vari- 
ous substances, particularly, belongs to Mineralogy ; the study of 
their mutual relations and the more or less important part they 
i^j in the isonstitution (^ the globe, is the province of Geology, 

10. In general we give the name of roeks to mineral substances, 
which are united in great masses, and apply the ie:na formations^ 
to diverse assemblages of rocks which appear to have been formed 
luader the same circumstances. 

The word rock^ as used by geologists, is applicable to all mineral masses^ 
whether hard or soft, and therefore includes in its meaning, sand, marble, 
f^ay, granite, &«. 

11. When we examine the sides of mountains, artificial exca- 
vations, and various other localities favourable to geological liudies, 
we very soon perceive there are a great many diflerent formations, 
and these formations are in layers or stories reposing one above 
the other, constituting strata: (plural of stratum, a Latin word» 
meaning a bed, couch, or layer ; anything spread out or strewed 
over a surface.) 

12. We can be convinced of this by examining the cuts made 
through hills for the passage of rail-roads and canab in various 
parts of the United States. By comparing the different materials 
composing the earth's crust, the geologist will soon be satisfied that 
these different rocks, in a majority of instances, are not placed one 
alongside the other, but cover each other, and form a series of 
layers, of more or less thickness, comparable to the courses or 
tiyers in a mass or wall of mason- work. Gypsum, or plaster of 
paris, for example, rests upon a stratum of coarse limestone, for, 
m. digging wells in the neighbourhood of Paris, at diflerent points, 
the coarse limestone is always found below the plaster. This 

8. What do we know relative to the centre of the earth ? 

9. What is the crust of the earth ? Does it consist of one piece t What 
i^ mineralogy ? 

10. What are rocks ? What are formations ' 

II.' What is meant by stratum ? 

12. How are rocks placed relattrely to each other? 

2 
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coarse limestone in its turn covers a stratum of plastic clay ; ia< 
many places where the coarse limestone is not very thick, it haa, 
been pierced through, and the plastic clay found beneath it. 

13. But it is not necessary to dig wells in order to be certain of 
the superposition of the different layers formed by these rocks ; it 
is distinctly seen by examination of the decUvities of certain hills, 
or cuts made through them for the passage of roads, &c. ; for, 
when the point of contact of two layers is exposed at one of these 
localities, we may frequently distinguish, without difficulty, the 
manner in which one of these layers is continued beneath the 
other. 

14. In other places nothing similar is seen; the rocks show 
no trace of stratification, but constitute compact masses, such as 
granite. 

To form an idea of the manner in which nature has produced 
these immense earthy layers, we must study the phenomena which 
are now taking place at difierent places on the surface of the 
earth. 

15. The action of rain, of the sun, of frost, and many other 
causes are constantly tending to change the surface of rocks, even 
those which are most compact, and to detach fragments from them ; 
these fragments, more or less divided, are spread out over the sur* 
face of the soil, mixed with the detri'tua* of plants and animals, 
and cqpstitute a kind of movable bed, more or less thin, which 
covers the whole surface of the globe, and bears, commonly, the 
name of vegetable earthy because it is in this bed that almost all 
vegetables grow. The mineral substances which enter into its 
composition are ordinarily sand, clay, or the debris^ or remains of 
calcareous rocks. 

. 16. When currents of water pass over movable formations, such 
as we have just mentioned, they take up a portion and convey to 
a distance the detri'tus and debris of which they are composed. 
In this way, when the heaped-up snows on the tops of mountains 
melt under the influence of the summer's sun, or when abundant 
rains fall on the same places, impetuous torrents descend towards 
the plain, and carry with them earth and fragments of stones found 
in their route, or which they tear up from their resting-places ; the 

* Dittri'tus. — A geological term applied to deposits composed of various 
substances which have been comminuted by attrition. The larger frag- 
ments are usually termed debris ; those which are pulverized, as it were, 
constitute detri'tuB. Sand is the detri'tus of siliceous rocks. 

13. What evidence have we of the superposition of strata? 

14. Are all rocks stratified ? 

15. What are the common causes which tend to change the surface of 
rocks ? What is detri'tus ? What is vegetable earth 7 What is debris 7 

16. How.do currents of water change the surface of the earth? 
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DEPOSITION OP SOIL BY RIVERS. 15 

i^uK is that the water of these torrents is oflen turhid, and loaded 
ilHth mud, sand, flints, or even blocks of stone ; but when they 
reach a flat country, or fall into a large basin, their course is much 
less rapid, and the foreign materials they held in suspension are 
gradually deposited ; the heaviest sink first, and, at length, these 
materials line the bottom of the river with an earthy bed, whose 
thickness is continually increasing. 

17. The river Po, which is precipitated from a lofty chain of the 
Alps, and traverses Lombardy, is a remarkable example of this 
curious phenomenon. This river, and its principal tributaries, 
have transported, in this way, so much earthy matter from the 
iHountains to the plain, that, since the Roman era, several large 
lakes and extensive marshes, situated near Parma, Paisance, Cre* 
mona, &c., have been filled up and become dry : the bed of these 
livers is also gradually filled up, so that they have several times 
changed their course, and poured over the neighbouring plains. 
R has been necessary to restrain them artificially, by building up 
a long dyke on each bank ; this has put an end to these disastrous 
inundations, but has not prevented the bottom of the river from 
continuing to rise up ; every year it is therefore necessary also to raise 
up the dykes, so that now these rivers flow in a sort of immense 
aqueduct, and at certain places the surface of their waters is higher 
than the roofs of the surrounding houses, as at Ferrara, for ex- 
ample. 

18. The river Rhone descends on the northern side of the Alps* 
and passes the Valais too impetuously to deposit the mud and flints 
with which it is abundantly freighted ; but, when it empties into 
the lake of Greneva, its course becomes so slow as to be almost 
imperceptible, and its waters, which were at first turbid and muddy, 
are limpid and transparent, when they escape from the opposite 
side of this basin to pass through the town of Geneva : the result 
is that the Rhone deposits in this basin all the matters which it 
carried, and gradually raises up its bottom, constituting what is 
termed lacustrine formation. This progressive elevation of the 
soil is so marked at the eastern extremity of the kke, that an an- 
cient town called Port Valais, formerly situated on its margin, is 
now found about a half a league from it ; about eight centuries 
have been suflicient for the formation of the great earthy bank 
\^hich now separates this town from the lake, and the deposite 
which gave rise to it continues to be made at the bottom of that 
portion of the lake in its vicinity, and continually tends to raise it 
up more and more, so that in time it may fill the whole of this 
basin, and transform the lake into a plain which the Rhone will 
pass through without spreading itself. In passing through Greneva, 
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17.. Give an example of change produced by currents. 
18. What has been the effect of the Rhone passing through the lake of 
Geneva ? What is meant by lacustrine formation ? 
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tkis beautiful riyer, as we have already said, is clear and limpid ; 
but a little beyond the town it receives new tributaries, such as the 
Arve, which pour into it their muddy waters, and little by liitle it 
is afi^ain loaded with sand and mud, which it rolls on impetuously 
to the sea ; but at its mouth, its course being slow, these foreign 
materials, the debris of Mont Blanc, of the Alps, of Dauphiny, 
and the central regions of France, are in their turn deposited, and 
gradually elevate the soil they cover ; the result is new land which 
advances more and more on the sea. 

19. We give the name of cJluvium (from the Latin, alluvia, an 
inundation, or (ditto, I wash) to formations caused inr this way by 
the deposite of materials carried by waters, and as these alluvial 
formations, when deposited at the mouth of a river, often assume 
the form of the Grreek letter a delta, we designate the new-made 
knd, which in a manner encroaches on the domain of the sea, 
under the name of delta. 

20. The delta oi the Rhone, to which we alluded above, and 
that which is found at the mouth of the Po, are very inconsider- 
able ; but^ in certain parts of the globe, several are found of very 
mu(^ greater geological importance. One of the most celebrated 
is the Delta of the Nile, which, according to the calculations of 
some authors, must have grown nearly half a league since the 
time of Herodotus; and according to the commonly received 
opinion, its formation began at the foot of the rocks upon which^ 
l^ere built the pyramids of Memphis ; but the deltas at the mouth 
of the Mississippi, and the mouth of the Ganges, increase more 
rapidly, and possess greater interest for the naturalist. 

21. Other formations are also produced, so to speak, under our 
eyes, by the deposite of materials which the waters of certain 
springs hold in solution, and throw down*when they reach the sur- 
hce of the earth. In di^rent parts of France, near a spring 
situated at the north of Clermont Ferrand, for instance, we see 
examples on a small scale, and in many parts of Italy, enormous 
masses of calcareous stone, known uiKler the name of Travertin 
(from the Italian^ travertino), are formed. 

22. We often behold issuing from t^e craters of volcanoes, a 
burning, semi-liquid matter, which spreads over the surface of the 
neighbouring country, and, on cooling, is converted into a hard 
compact rock, called lava. Etna has furnished a great number of 
irruptions of lava, one of which was six leagues in length, and, in 
1783, Hecla, a volcano of Iceland, gave origin to a similar curr 
rent, which extended twenty leagues in length, and twelve in 
breadth. 



19. What is alluvium ? What is a DelU ? 

20. Mention some examples of Deltas. 
51. What is Travertin? 

22. What is lava? 
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AQUEOUS AND PLUTONIC FORMATIONS. 17 

23. These diflerent phenomena partly explain to us the manner 
in which the production of the different formations disseminated 
on the surface of the globe, must have been e^cted, formations 
whose origin date back from im epoch long anterior to that of the 
creation of man. 

24. In fact, the various formations con^itutfng the comniKm por- 
tion of the globe differ, as we have already seen, very widely in 
their nature, in their constitution, and in their mode of arrange- 
ment. Now, these differences remind us of those which exist in 
the modern formations above mentioned, and seem to indicate that, 
in the ancient formations, some were produced in the midst of ^e 
waters by the deposit of solid materials held in suspension or in 
solution by this liquid, and others by the action of heat on earthy 
materials susceptible of being melted, and of being afterwards 
hardened by cooling. 

25. Guided by these considerations, geologists have divided the 
formations into two great classes; namely, the sedimentary^ or 
stratified fortnationsy and the massif or igneous formations. 
On account of the presumed method of their production, they are 
also designated under the names of Aqueous or Neptunian for-' 
motions, and Igneous or Plutonic formations, 

* 26, The plutordc formations have received this name because 
they appear to be the product of the action of fire; they are 
generally of a dense crystalline structure, and ordinarily form very 
immense masses ; they are not arranged in regularly superposed 
beds, nor do they contain the remains of organized bodies. Some 
of them are formed, as we see, by the action of volcanoes, and 
others are very analogous to the latter; they contain not only 
mincwda peculiar to VQiqcuiia ejectfons, but sometimes also matters 
that jire ^roduced^ by tlte fumaces*or our laboratonee mid work-' 
— ' shop. They seem to have formed the primitive crust of the 
globe ; tbr we find them beneath the neptunian formations, but 
they are also sometimes spread over the surface of the latter, or 
betwixt the different beds or strata of which they are composed. 

27. The aqueous or neptunian formations appear to have beea 
deposited by the waters ; m general their texture is coarse or com- 
pact, rarely crystalline, and they are often com])osed of grains of 
sand separate or agglutinated, of heterogenous fragments, or ma- 
terial having the aspect of a kind of indurated mud ; they are also 
frequently called stratified formations, and most of them are also 
termed sedimentary formations. It is in the midst of these for- 

I 23. Are the various formations all of the sanie age ? 

24. In what manner were the various formations produced ? 

25. How are the formations divided ? 

26. What is meant l^ plutonic formations 7 How are they produced ? . 

27. How were the aqueous formations produced 7 What are the chume- 
ters of aqueous rocks 7 

2* 
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mations tint we find the remains of the difieient orgaoized hoi^m 
by which the eaitfa has been succeseively peopled* 

28. These stratified formations were not all produced at onee^ 
bat successively, and under the influence of difl^rent circumstanceis^ 
thev constitute, as we have before said, distinct beds or stn^^ 
and these strata he erne on top of the other, so that those of a more 
ancient are found beneath those of a more recent formation. By 
studying them carefully we shall also perceive that different points 
cm the surface of the earth have been successively, and at intervals, 
left dry, and covered by the waters of the sea, or by fresh water, 
the sediment from which constitutes these banks, and we see that 
these banks themselves difler, not only in the nature and disposi^ 
tion of their constituting elements, but also in the nature oi the 
remains of the organic bodies buried in their substance. 

29. We distinguish a great number of these stratified forma? 
tions, and, as might be anticipated from their mode of production, 
they are everywhere found in the same order of superposition ; 
the formation which, in one locality, covers another formation, can 
never be. found in another place beneath the latter; it may bo 
entirely wanting, so as to leave the hiXer uncovered, or in contact 
with a stratum, which in another place it covered ; Imt wherever 
H exists, it must be on top of or superior to all formations, the pro- 
duction of which dates back to a more remote epoch. 

80. For example^ we have stated that in-the vicinity of Paris, the 
gypsum rests upon the coarse Hmeslone, this upon the plastic clay, 
and this. plastic clay upon the chalk; in other localities we may 
find new strata interpc^ed between these various formations, or we 
may find one of them entirely wanting ; for example, the plastic 
clay being absent, the coarse limestone would be found resting 
directly upon the chalk; but this coarse* Hmestone, for the reason 
alone that it is everywhere found resting up<Hi the chalk, must have 
been deposited after the chalk was formed, and consequently can 
never be found below it. 

31. It is also evident that when these solid beds are slowly 



Sea. 



Sedimentary Rocks. 
Plutonic Rocks. 
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28. Were the stratified formations all produced at the same time ? Are 
all the stratified rocks alike in character ? 

29. Are the stratified formations always found in the same (»^er of suc- 
cession ? Are all th6 strata everywhere found ? 

30. Give an example to show that the strata are always found in the same 
4td6r of suceession. 

31. What is the position of sedimentary rocks ? - 
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dep»9tted at the bollom of wmtars, they must have ■ a n^'arly hori- 
zontal position (Jig. 1), and that they must occupy the steepest 
paits of the snr^ce upon which they are foTmed, so that if tbo 
surboe presents considerahle elevations, these may remain ui>- 
co^^ed, and show themseWes above the level occupied by th« 
new formation (Jig. 3). Thus when we go from low plain* 
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towards mountain chains, and ascend to their aummria, we meet, 
sUGceseively, formations more and more ancient as we riae. 

%£. Sometimes these alratified rocks preserve the horizontal 
position they had in the beginning ; but at other times they become 
more or lesa oblique in consequence of their ptutial depression or 
sinkingi or theii unequal efevation. Frequently we see beds 
which are abruptly raised up, bo as to be almost perpendicular; 
and on the edges of the elevation prctduced by this ovenurning of 
nature, we find other beds which are perfectly horizontal, and we 
may conclude that the latter were formed subsequently lo the ele* 
vation of the former ; by studying these relations of position we 
are enabled to determine th& geological age of mountains. 

83. These great movements of strata sometimes take place sud- 
denly, and are accompanied by earthquakes ; but at other timea 
they are effected gradually and without any shock. It appears to 
be well ascertained that since the time of the Romans, a portion 
of the coast of Naples sank below the level of the sea, and was 
subsequently raised up again above this level, without overturning 
the monuments built ou this movable soil. One may be satisfied 
of this feci by visiting an ancient temple situated near Puzzuoli, 
called the Temple of JupUer Serapis; this monument, of which 
three columns remain standing erect, appears lo have been built in 
the third century, and was then very much frequented, on account 
of its warm baths ; but at a subsequent epoch, supposed to be about 
1488, t^ ground sank down, and the temple was covered by the 

33. Do ntrfttified rocha alvajii preaene their originai position 1 What is 
to ba learned bj atndjia^ the poaitjan of strata T 

43. How do theae great movemeata of atrata take phce ? -Give an in- 
■lance of th* gradual movement of atrata. 
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sea to a height of about six- 
teeo feet above the pavement. 
Marine animals then eBlabliah- 
ed themselves on a portion of 
the subme^d columns, and 
moiluska of the {fenua Pholas 
excavated innumerable hole« 
in the same way as they do 
rocks now covered by the sea ; 
but in the present day the state 
of things is not the same, tho 
pavement of the temple is again 
dry, and the traces of the pho- 
lades we have just mentioned 
are at a considerable height 
above the level of the sea (Jig. 
3). Now, these changes in ine 
relative- levels of the coast of 
Puzzuoli, and the neighbour- 
ing sea, cannot be attributed 
F^. Z.—TmpU uf Straps. to an alternate sinking and riae 

of the waters, because roore- 
nients of ihia'sort must have been accompanied by fearful inun- 
dations along the shores of the Mediterranean, and we cannot ex- 
plain this pbenomenon except by supposing that the coast itselh 
after sinking, was again gradually raised up. 

34. At tne present time Scandinavia and Chile exhibit an 
analogous phenomenon. On the coasts of Sweden, for example, 
we see certain rocks, which were formerly submeiged, now above 
water, and that the sleep shore is gradually rising more and more 
above the level of the sea. For a long time it was observed that 
the sea abandoned certain parts of the coast, and that the depth (rf 
water decreased in several ports of this region ; but these changes 
of level have been ascertained in a more exact manner ; more than 
a century since, marks were made on different rocks on a line with 
the surface of the water, to serve as points of comparison, and on 
examining them from year to year, it was found that these marks 
were successively higher and higher above the level of the sea. 
In the gulf of Bothnia, this rise appeared to be four feet in a 
century, but at other places less, and at some points on the coasts 
of the Baltic, it was nothing, which proves that the change of level 
does not depend on the subsidence of the sea. 

We shall recur to the subject of stratification and the yarious 
causes which influence it, after we have studied the chaiacteis of 
the various formations. 

34. What other inslonM* pniTB the Blow ntorsment of strMa I 
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LESSON n. 

Organic Remains. — Fossils — How produced* 

First Geological "Epoch,^— Primitive Bocks — Granite — Gneiss 
— Micor Schist^— JirgiUaceouS' Schist. 

Second Geological I&och.^— Transition Formatimi — Cambrian 
System — Silurian System '-^Trilobites and other animal 
remains — Devonian System, — Fossil Fishes — Fossils — Limits 
of the Transition Formation — Strata changed in Position by 
geologiced Convulsions. 

1. We find entombed in the different strata of the crust of the 
globe a great quantity of the remains of organic bodies, which at 
different epochs have lived on its surface. Those which exist in 
the present formations, and which have been deposited since the 
last great revolutions of the earth, generally preserve their primi- 
tive composition ; but those which nave been found in the more 
ancient strata have be|p altered in their nature, and passed into 
ihe fossil state; the gelatinous, fleshy, or ligneous portions, which 
concurred. in their formation, have in part disappeared, and have 
been more or less replaced by stony particles. By the term fossil 
(formed from the Latin, yb(?io, I dig) is meant any organic body, 
or the traces of any organic body, whether animal or vegetable, 
which has been buried in the earth by natural causes. 

2. Tn general, it is the hard parts, those that are capable of long 
resisting decomposition, which alone undergo this kind of altera- 
tion ; such as bones, shells, and scales, for example. We never 
find flesh, nor nails, nor soft fruits, nor other analogous bodies, in a 
fossil state. Sometimes even these hard bodies disappear, and 
leave meifely traces of their existence in an impression or print in 
the rock that enveloped them. 

3. The organic remains which are found in the most superficial 
iyiid most recent strata of the crust of the earth, belong in part to 
species which still exist; but most fossils are derived from ani- 
mals or plants which have not existed since a period anterior to 

1. In what respects do the organic remains found in the most ancient 
formations differ nrom those found in the more modern strata ? What is 
meant by the term fossil ? 

2. What parts of organized bodies are found in the fossil state ? 

3. Are the animals and plants found in the fossil state the same as those 
ttow existing on the face of the earth ? Are all the varieties of fossils dis- 
Cributed through the divers strata without regard to the age of the forma- 
tlbii»7 . 
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historic times, and the species of which are now totally extinct. 
In general, they difier from species now iivinp^, more and more, in 
proportion to t&e antiquity of the strata in which they are found, 
and, in most of the strata of the earth^s crust we find certain 
species which are not met with either in more ancient or more 
recent formations. 

4. It is hy comparincf the fossils with each other, and hy com- 
bining this study with mat of the order of superposition, in w^hich 
the cnfierent strata are found, and with their mode of formation, 
that we' have arrived at a knowledge of the earth at periods long 
anterior to the creation of man, and are enabled to trace the his- 
tory of the great revolutions which have successively disturbed 
and changed its surface. 

5. We learn by this study that the physical condition of the 
surface of the earth, as well as that of the organized beings by 
which this surface is inhabited, has undergone great and nume- 
rous changes. Entire creations of animals and of plants have suc- 
ceeded each other ; after having peopled the waters and inhabited 
the land for ages, each in its turn nas been destroyed by some 
great catastrophe of nature, and given place to a new creation. 
But the appearance of a new flora, or a new fauna, the destruction 
of living beinffs, and the deposit of enormous beds of rocks, are 
not the only phenomena which characteriffe the great revolutions 
of the earth. At different epochs, total overthrows, of which the 
most fearful earthquakes and volcanic eruptions of our times can 
give but a very feeble idea, have raised up the solid crust of the 
globe, and produced lofty chains of mountains, whose elevation, 
immense as it appears to us, was even still greater before the val- 
leys and basins that separate them were gradually filled by new 
deposits. 

6. The great revolutions of the earth appear to have been sepa- 
rated by long periods of tranquillity, during which animals and 
plants muhiplied on different parts of the globe's surface, and de- 
posits of solid materials, borne by the waters or drawn from the 
tx)som of the earth, were heaped up, constituting beds of rocks of 
greater or less thickness, and varying in their nature, in the sub- 
stance of which were entombed the remains of contemporaneous 
animals and plants. 

7. The natural history of the globe is written in the very rocks 
of which our planet is composed, and the study of these ancient 
monuments of the power of the Creator teaches us what tran- 
spired long before tne existence of man on the earth. These fos- 

4. By what means do we study the gfeological history of the earth ? 

5. What are the great facts taught by the study of geology ? 

6. What seems to have occurred in the long intervals of tranquillity 
between the great geological revolutions of the earth ? 

7. Does geology teach us that the earth was always inhabited by man 7 
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sib aie truly the medals of creation, medals which are more im- 
Ippxtent and incomparably more ancient than all those of Greece 
and Rome, or the hieroglyphics of Egypt. 

OF THE NATURAL REVOLUTIONS OF THE GLOBE. 

8. The history of the globe, like that of nations, is divided into 
a certain number of distinct periods, during each of which the 
state of things changed but httle, yet it resembles neither that 
which preceded nor that which followed after it. 

9. Geologists designate Under the term fomncUion, the assem* 
hlage of rocks which were produced durmg each one of these 
periods comprised in the interval between two of these revolu- 
tionary disturbances of the globe. 

10. For example, they give the name of creta'ceous formation 
(from the Latin, creta, chalk) to the assemblage of rocks which 
were deposited or derived from the interior of the earth, during a 
geological epoch, in a part of which chcdk was deposited ; and 
juras'sic formation is the name given to the assemblage of con- 
temporaneous sedimentary rocks composing the most remari^able 
strata of the mountains of Jura, &c. 

Beginning with the most ancient, we will examine these several 
ft>rmations in sucpession. 



FIRST GEOLOGICAL EPOCH. 
Primitive^ Primary^ Primordeal, or Unatrtttified Rocks.* 

11. Under the name o( primitive, or primary rocks (from the 
Latin, primus, first, before), we ordinarily designate the different 
rocks which appear to have been formed before the creation of 
plants and animals, the remains of which are found in less ancient 
strata, and seem to be a foundation for rocks subsequently pro- 
duced. 

* Mr. Lyell proposes to desig^te this system of rocks by the term 
Hypo'gene (from the Greek, tipo, under, and geinomaij I beg^et), because 
they are found under other rocks. He objects to the words primary and 
INrimUive, because these terms convey a notion as to the time and age of 
the formation, and might lead to the error of supposing that they were 
formed before any other rocks were formed^ but the term hypo' gent refers 
exclusively to position. 

St How is geological history divided ? 

9. What is meant by the term finmation 7 

10. What is meant by creta'ceous formation? What is meant by jurat'- 
lie formation ? 
IL What is meant by primUive or primary rocks ? 
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12. As already stated, at its origin our globe most have been a 
toaaM kept id a state of fusion by tbe action of heat, and its smfiioe 
became solid by slowly cooling* Tliis first oruit must ha«e re* 
mained for a long time in a soft or pasty condition, and at first its 
temperature must have been too nigh to permit water to remain 
on its surface without evaporating. It must have been split in 
different directions by the contraction produced by coolii^, and 
then resembled the masses of ice which in our day cover the sur- 
face of the polar seas ; that is, it presented a very unecpial surface, 
studded with immense fragments heaped up in all directions, hi 
this first geological epoch were formed the massive rocks, such as 
granite, which serves as the base of all other rocks, and is the 
result of the solidification of mineral substances previously melted 
by heat. The cooling of this first crust must nave also caused 
the precipitation of the least volatile matters diffused in the atnio- 
sphere, just in the same manner as a cold body placed in a warm 
moist air is quickly covered by a layer of condensed vapour ; and 
from this cause came new changes m the configuration of the sur- 
face of the globe, and the formation of new beds of a crystalline 
texture. 

13. The most ancient portion of the crust of the earth known 
lo geologists is composed chiefly of granite and some other un- 
stratified rocks which appear to be also of igneous origin. 

14. We give the name of granite to a rock, which is extremely 
hard, having a rough fracture, which is composed of a confused 
agglomeration of crystals formed of three distinct materials : some 
of these crystals have a glassy appearance, and are ordinarily of 
a ^yi^ colour ; they are gtmriZj the same material of which 
rock crystal is composed ; others, often lar^, opaaue, and some- 
times rose-coloured, sometimes green, sometimes white or yellow, 
are formed of a mineral c&Wed feldspar ; and the third variety of 
crystals, which are composed of mica, resemble small brilliant 
spangles, sometimes black, and sometimes silvery white. Grranite 
then consists of quartz, feldspar, and mica. Certain varieties of 
granite remain for centuries exposed to the inclemencies of the 
weather without undergoing any alteration ; but other varieties are 
speedily disintegrated by the action of the atmosphere, and are thus 
reduced to a kind of grit or argilla'ceous earth. It presents no 
trace of stratifi^cation, and possesses all the characters of a rock of 
igneous origin. 

12. What is supposed to have been the condition of the earth when first 
formed? What was the condition of the crust of the earth when first 
formed 7 Was it smooth and regular ? 

13. Of what is the most ancient portion of the crust gf the earth com. 
posed? 

14. What is granite 7 Of what minerals is it composed ? What it th« 
character of granite for durability ? 



GNEISS, MICA-SCHIST, Ac SB 

15. Granite, which seems to form -the first basis, the foundation 
i9lone of the great geological edifice, remains uncovered at various 
points on the surface of the earth, while in other places it is 
covered by more or less numerous beds of more recent formations. 
B«t all the granitic rocks now scattered over the surface of the 
globe do not date from an antiquity so remote ; for, in different 
recent epochs, mineral materials in a state of fusion have escaped 
from the boscan of the earth, which spread over formations then 
existing, and, on cooling, ccoistituted immense masses of granite 
similar to that first formed. 

16. This rock is met with in different places in all parts of the 
world, and is employed in the construction of edifices of vari<H]s 
description. 

17. The beds which are deposited on the first massive crust of 
the elobe are crystalline in structure, and this character is more 
decided the more ancient they are ; they seem to have been ex- 
posed to the action of a great heat, without possessing the charac- 
ters of rocks of igneous origin. They consist principsdly of gneiss^ 
ndcorSchisU and argillaceous schist 

18. Gneiss is a rock very analogous to ffranite as respects its 
elementary constituents, but its structure, is f<3iated and presents a 
stratified arrangement ; it appears to have been formed under wa- 
ter, and seems to be the most ancient of the sedimentary forma- 
tions, because in certain places on the surface of the globe we find 
it covered by all the other formations. We often see it naked ; it 
forms vast systems of rocks in which it is often alternated with 
mica-schist and other ancient rocks. It is used in building and 
flagging. 

19. Mtca-sckist is a lamellar rock composed of quartz ordinanly 
grayish, and a great quantity of brilliant lamellse of mica arranged 
m extended leaves or scales ; it commonly accompanies granite and 
gneiss. 

20. Argillaceous schist is in appearance an earthy rock, which 
is easily divided into large laminae more or less thin, and was evi- 
dently formed under water by the deposit of sediment. [Schist, 
from the Greek schistos, slaty, easily spUt.] 

We also find in these primitive strata compact limestone of great 
hardness, and other rocks which moife or less resemble the pre- 
ceding. , 

21. These different rocks, the orighi of which dates from the 

- I ■ I - — 

15. Is granite everywhere hid beneath the surface of the earth ? Is all 
granite supposed to be of the same age ? 

16. Where is granite found ? To what uses is it applied 7 

17. What kind of rocks are found overlying the granite ? 

18. What is gneiss ? How does it seem to have been formed 7 

19. What are the characters of mica-schist 7 
20 What is argilla'ceous schist ? 

3 
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earliest period of geological history, constitute a great part of the 
present sur&ce of the globe, and are often found at great depths* 
beneath less ancient formations. They present evident traces of 
great overthrows, and the beds or layers which they form no longer 
occupy the horizontal position they must have had in the begin- 
ning, but are more or less incUned, twisted and fractured, as if at 
various times they had been broken and their immense fragments 
irregularly raised up. Those countries in which the pnmitive 
roc^ constitute the surface «ure knotted and mountainous, and we 
find these same rocks in the most elevated points of the globe, 
where they form the mass of most great mountain chains. 

22. The central plane of France, comprising Auvergne, Limou- 
sin, Vivarais, and Vakis, is formed ahnost entirely of primitive 
rocks, most of which are granitic. The same is true of a great 
part of Brittany and Corsica, Scandinavia and Finland, &c. ; mese 
ancient rocks also constitute a large part of the Great Alps, of 
which Mont Blanc is the highest point, the Eastern Alps from 
Saint Grothard to Hungary, 3ie Pyrenees, the chain of Erzge- 
berge, in Saxony, the Grampian HiUs of Scotland, the Oural 
mountains, in Russia, the AJleghanies in the United States, and 
the Andes in South America. 

23. As we have already stated, we find no fossils in the sedi- 
mentary formations of this geological period, and it is therefore 
inferred that in this epoch no Hving beings existed on'the surface 
of the globe ; but it may have been otherwise, and the absence of 
fossils in these strata depends on some cause, such as their destruc- 
tion by heat, resulting from their vicinity to enormous masses of 
igneous rocks, efiused near to, or even over and above these non- 
fossiliferous strata. 

SECOND GEOLOGICAL EPOCH. 
Transition Formation. 

24. The stratified formations which rest on the primitive strata 
just mentioned, present us with the first traces of the existence of 
uvinff beings on the surface of the globe, ahd constitute a particular 
division, generally named the Transition Formation, but desig- 
nated by Mr. Lyell as the Primary Fossiliferous Formation. The 
most recent name given, however, to theSe formations, is palae'ozoic 
(formed from the Greek palaios, ancient, and zdon, an animal), be- 
cause they contain ancient animal remains. 

21. Are primitive rocks found only beneath the more recent formations 7 

22. In what countries do we find primitive rocks at the surface 7 

23. What fossils are found in the primitive sedimentary rocks ? 

24. In what formations are fossils first met with 7 What is meant by 
palo'ozoic fi)rmation 7 
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25. These formations closely resemble the preceding, and it is 
often difficult to distinguish them, but they do not appear to have 
begun to form imtil the first had been disturbed by some great 
geological ccaivulsion ; for the strata of which they are composed 
are not parallel to those of the rocks on which they rest, and they 
differ from them by having fossils entombed in tneir substance. 
They appear to have been formed by a slow and continuous 
deposit of sand, mud, and other materials suspended in water, 
and they consist chiefly of schists and calcareous rocks. The sea 
seems then to have covered the greatest part of the known surface 
of the globe, for we scarcely find a trace of terrestrial plants, and 
immense depots of these strata, almost identical in character, are 
met with in the most distant parts of the earth, as in Germany, 
England, and America. 

26. To judge by the fossils concealed in these formations, the 
globe was then inhabited by a small number of plants, belcmging, 
tor the most part, to the family of fucus, and by a multitude of 
marine animaJs, the forms of wmch differed widely from those now 
existing. It is also remarked that most of these animals belonged 
to the inferior classes of the guiimal kingdom, and, until lately, it 
was behoved no vertebrate animal then existed ; but within a snort 
time it has been ascertained there were marine fishes, for remains 
of them have been discovered in certain rocks whose formation 
dates back to this remote epoch. {I^g* 20.) 

27. The most ancient beds of the transition formation contain 
very few fossils, whHf other rocks of the same formation are rich 
in mese remains ; these differences, which correspond with other 
peculiarities of stratification, have led geol(^ists to £vide this period 
into three divisions, called the Cambrian, Silurian, and Devonian 
Systems of rocks. 

28. The Cambrian (from Cambria, in Wales) or Schistose Sys- 
tem. The Cambrian rocks are the lowest sedimentary deposits 
known. They are composed essentially of schistose grauwackes, 
which pass through all shades of solidity, lustre and colour ; on 
one side they unite with the mica-schists and gneiss, and on the 
other with the coarse grauwackes, with which they are found inter- 
calated. These rocks contain slate rocks, conglomerates, dark 
limestone, and fine-grained slates of various shades of purple, blue 
and green. In the Cambrian rocks the organic remains consist of 
a few fossil brachiopodis, pdypa'ria, or coral animals, &>c, 

25. How does the palce'ozoic formation (Jiffer from the primitive rocks ? 
In what manner were the palsD'ozoic formations produced 7 

26. At the period of the palte'czoic formation, what description of organ- 
ized beings lived on the earth ? 

37. How is the transition or palee'ozoic formation divided ? 

28. How is the Cambrian System of rocks characterized ? From what 
in its name derived? What is the geological position of the Cambrian 
8/item 7 



as SILURIAN SYSTEM— FOSSILS. 

S9. The Su-c'ruk Ststes (from the SHure», or SUuri, the an- 
«ieni Britons who inhabited the region where these ettata are most 
distinctly developed) is neit above ihe Camhrian. Il is subdi- 
vided into the uppei and lower Silurian strata. In its miiicial 
CMnposition it so cloeely resemblea that i^ the Cambrian that it is 
often difficult to distinguish them. These etrela are entirely of 
marine origiD,'and many of the beds (as the well-known Dudley 
limestone) are ccanposed of shells, corals, crinoidea, and those pe- 
culiar crusta'ceans termed iriiobUet (Jig. 4), held together by » 
dictaeoua cement. 



Fig. 4.— 7WMi(«.> 

80. The presence of these fossil animals is characlerisiic of the 
Stlurian and Devonian Systems of strata, because they are rarely 
met with in other situations. They are found entombed in slate 
and dark limestone. 

Trilobitca, rrom their eitraorilinarj form md appearance, have, lor mora 
than a hundrEd BDd Any jearB, been objects of great interest to the natn. 
n)h( and of wonder to the general observer, and have long been provin. 
eiaBj termed Dudlei) iniufi or totuitt. The moat Common eiamplea eon- 
Mt of a convei, oblong body, divided transversely into three principal 
parta, and lonpitudinnny into three lobeg, by two deep, parallel fbrrowa ; 
Bom this last character, by which Ihe 'family ia recognised among natural- 
isla, Ihe name Trilelrile {from the Latin fm, three, and bJH), lobe) haa been 
derived. These foeaila are the carapaees.or sheila, of cruslnceans, belonging 
la an extinct lamilj, which comprises many genera, and numerous species. 

TTie elass of eruatacsans consists of two groops, namely ; those with eyea 



the Cambrian System 
llriiites? 

30. Of what Byslems of [dcIu ue trilalu(«s cbaractcriaticT 
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■upported on DUiTB.ble pednncles, u the crab and lobster, lad those with 
eyes Gjed ; the extinct order of trilebites belongs to tho last. 

The Coly'nnu Bluntenbtchii (Jig. 4, No. 3) is nuned after the celsteatod 
Oeromn naturalist Bluoienbacb ; the ^oeric nsjne, caly'meile (formed from 
the Greek Jt<iatumcne, coacaalcd) was devised to eipresa the obscure nalura 
of this genus of trilobiles. It is faund eipanited, with its under uufaca 
«tl«ched to and blended with the Ibnestoae, or coiled up. The head is large, 
convex, roanded in ironl, with a broad border, and divided intu three lobes 
hy two longitudinal depressians. It has two compound eyes with onmerous 
facets, situated at the baeli of the head remote fi-om each other. Thia spe- 
cies is from one to four iuchea in length. MantfU. 

" It is a curious fact," says Mr. T. A. Conrad (PalsoDtologist, State of 
Nbw York, 1838), "that, whilst the Cal/mene BlumcnbachU ceased to 
eiistjn Nenr York after the final deposition of the Trenton series, it escaped 
into remote seas and lived in the era of the Dudley limealone." 

In anoUier genus, A'saphua (from tlie Greek ataphet, obscure), the canu 
pace is wide and much depressed {Jig. 4, No9. 1,2) ; the middle lobe distinct, 
the cephalic portion rounded in front, and terminating posteriorly in a sharp 
process on eacb side. The eyes are compound, and each contains four hun- 
dred apberical lenaes. Some kinds of A'aaphus have remarkably long, 
pointed,caudalappendageB,oitails,(jS;. 4,No.l}. Some American specie! 
of this group are eighteen inches in length. MaiUtU. 

31. Besides the tiilobites, the lemains of Other animals are found 
in the Cambrian and Silurian Systems. They mostly belong to 
the division of tHachiopod molhisks. Among those which aie 

regarded as characteristic of the Silurian System are the Orthxs 
orbicularis (fig, 5), Orthis teshidinaria (Jig. 6) : the orthia is a 
circular sheO with a striated sui&ce, and long, nonow binge; 

•# mm 



Fig. 5. — Orthii «rNcHisrt(. 



the Orthocerat (Jig. 7), (from the Greek orthos, straight, and kerag, 
hom) ; the ii(A«i(e» (^^. 8), of large dim* 



Pig. S. — OrtAis ttitudinatia. 

[Bight, and ier£ , 
; the Produetua 



Fig. 8. — iatkuUei giganiau. 



jn PBODUCTUB^-BPraiFER— TEREBRATULA, 

(Jtgt- 9, 10), (Latin, diawu out, dilated) ; or Ltjiteaa (fioa the 
Greek leptos, sleader), 



Fig. 9. — PTeduetm diprenui. Fig. 10. — Productut antiqaaint. 

" The genu* Prodnctm hu receiTed tU namo from ■ pecolUrity observrf 
in MTerU species where the dorsal vslre, after hnring attained b. certain 
maKnitade, beads snddenlj at right-angles to its farmer direction, and ii 
then coiltinued irregularly, sometimes being prodaced (extended) to a cod. 
■iderable length. The nboie shell U osoally covered with etrira and spinea, 
■rhich in some species are namerous and very long, and which appear to 
bare been movable, daabtless serving a purpoee in the animal economy." 

33. The Spi'rifer {fig. 11), (from the Latin »mra, a wreath or 
twisljne, and firo, I bear), is a bia- 
chiopod, closely resembUng the tere- 
- bratula in many important characters, 
■' but difierinff from it in the singular 
spire of c^careoua matter passing 
across the interior of the shelJ, and 
from which the name of the genus 
is derived. The species are very- 
numerous, and, Dext to terebratula, 
are 'the most abundant of aU brachiopod fossils. 

33. The genus Terebra'tula {figs. 13. 13, 14), (from the Latin 
terebro, I bore ; bored, alluding to the perforated 
beak). Throughout the whole of the pahc'ozoic 




formation, certain species of terebra'tuls are found. This remark- 
able genus, which has in the present day seme representatives in 
th% existing seas, appears lo have been created among the very first 
of the inhabitants of the first formed ocean, and to have retained 
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its pkce longer than any other. From the incalculable antiquity 
of Xheii lineage, the terebiatulte have beea humorously styled the 
Foanl ariatoCTOcy. 

34. The genus Pentam^na (Jiga. 15, 16, 17— from the Greek 
penle, five, and tnerot, parte, or ceils), contains four known species, 
all of which belong to me Silurian rocks. In 
this genus, the lesser valve is divided inter- 
nally by two parallel walls, or septa, running 
close together lengthwise along die shell, 
forming three cells ; the other valve also has 
a septum or wall, which is forked towards the 
beak of the shell, and divides it into two cells ; 
thus forming the five cells to which it is in- jpj^, 15.— Cat of tit 
debted for its generic name. The casts of Pentamtnii tati*. 
these shells {Ji^- 15)i often have fissures, pro- 
duced by the decomposition of the septa ; and occasionally these 
cavities are occupied by calcareous spar. 



Fig. 16.— Ptnlame'raa Knighlii. Fig. n.—StUimi of lamt Shell. 

35, Of the polypa'ria or corals which existed when the Silurian 



Jle. IS—Ci/tli^kfUim nrtiubnu Ftf. W.—OUniftra •MCUrMu. 

rocks were formed, representations of two genera are given. The 
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Cyath&phyUum {Jig. 18), (from the Greek, haahos, a cnfi, and 
pkvMon, a flower). The abuBdamce of cornte of this genus in the 
Silurian system piorea that the seas of that epoch must have 
teemed with these zo'ophytes. The Catenipora [fig. 19), (from 
the Lafin, catena, a 
chain, and ponu, a 
pore). The oval iona 
of the cells when united 
I laterally, and the flexu- 
r ous disposition of the 
I lamelke, give rise .in 
tiansveree sections to 
elegant catenated mark- 
ings, liom which ap- 
pearance the fossil baa 
received the name t£ 
c/udn-coral. The spe- 
cies figured (Jig- 19)i 
is common in SUurian 
limestone, and some- 
times forms henuspher- 
icaj masses more than a 
foot in diameter. 

36. The oraanic re- 
mains of (he Cambrian 
system difler from those 
of the Silurian system 
in being less developed ; 
the genera and species 
of mollusks and corals 
found in both are alike. 

37. The Detouiam 
System (so called be- 
cause it is largely deve- 

Fig.aO.'—Fitiilfiiha of IhtDetonian System, loped in Devonshire, 
Kngland) forms the su- 
perior part of the preceding formation. It appears to be composed 

* £zptanafuin of Fig. 20. — 1. Fterichthys cornutus, eeea from above^ 
[Pteiichthf s, from the Greek, pterun, wing, and iehlhot, fieh : eomatut, La- 
tin, horDed. ' The horned wing fisli). 3. Coccostetu oblongua. Tbese 
fi^utes are restored with great acciuscy from the best preserved specimens 
hitherto discovered. Tlie British species of tbasil wing-fishes, of which 
five or eii are known, are all very small, varying in length ftom one to 
eight or ten inches. But in the Devoniao strata of Rnasia enormouB ape. 
ciea occur ; the spioes of Bome of them exceed a foot ia length. See JKiiit- 
ttU-ii Medalt of Creation. London, 1844. 



DEVONIAN SYSTTEM. 83 

at first of pudding-stone, with which it commences, and to pass to 
sandstoDe, with iriiich it altemaUs at different places. Then como 



Fig. Sl.—Catyophy'Uia fattigia^ta. 




Fig. 33.— ChImdIh tandalina. Fig. ^.—Ampltxai cuTalUA'da. 

sandstone-schists, more or less fine, different species of schist, hme- 
Blones, alternating with each slher, in the midst of which are found 
beds of anthracite. These va- 
rious materials are differently 
developed in different coun- 
tries: in En^and the sand- 
stones predominate. They 
form (he old red sandstone, 
comprising; strata of clay and 
marl of different colours. In 
other places the limestones 
prevail with different clay- 
slates, or chloritic schists, some- 
times intercalated with schi stose 
quartz, as in Devonshire, and : 
waU. 



Fig. S4. — Clyme'nia linta'r 

almost alone, as ii 



M SLATE-SYSTEMS OF ROCKS. 

38. This system presesta lu with dep6t3 of the ddest com* 
bustible matenala known ; and we find in it ferns, ca'lamites, divers 
species of plants, difiering but little fiom the plants found in tlie 

coal formation which 
inunediately follows. 
We here find also a 

i great many pd'ypa 

more or leas analogous 
i to the CaTvopkyUia 

(fig. 21); Ampfexu, 
tAg-. 23), by some re- 
garded as polyps and 
by others as chamber> 
ed shells, which are 
_ found nowhere beside. 

K,.25.-K«.W» ...««.■.«. The(,Wteo^o^/ig^!13), 

^ SO nearly resembung 

certain productus, appears to be chamcteristic of the Devonian 
rocks ; and perhaps also the Clymenia Itnearig (Jig. 34), acham- 
'bered shell with aventral siphon. Certain peculiar bivalves aie 
also found (fig. 26) ; some brachiopods, and among othera the 
Terrdtra'lvui porrecla (Jig. 26). 

39. Slates, so'estensiTely used for roofs, are furnished from this 
group of ancient rocks ; 
and on many we find im- 
pressions of trilobites. The 
upper part of the transition 
strata oflen contains car- 
boni'fcrous materials, some- 
times disseminated among 
the schists, and at others 

¥\e. 26.- nrrrfr<.'(»Ij i»rr«W. constituting more or less ex- 

tensive masses, which are 
generally composed (rf mtlhracUe, though scanetimea of bituminous 
coal. 

40. These three systems of rocks, namely the Cambrian, Silu- 
rian and Devonian, which are not easily distinguished from each 
other, are found in most countries of Europe, where their 
assemblage constitutes the greater part of what is named the 
transition or palxozoic formation. They abound in Brittany ; 
there the anihmciti'ferous mass forma a stnpe along the Loire, ex- 
tending from Maine to Morhihan, as well as other aep6ts in Sajthe 
and Mayenne. These rocks are found through the whole chain 

38. What fbuBilB aie found in [he Deroni&n SjBtem 7 

39. What uaefbl malarial ia ibiind in the DeiOBlan Svitem ? 

40. What BjBtems of rocks constitute the paleozoic farinatiMi T Where 
ia this fbrmatiMi met with t 
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c^ the Pyrenees, in the southern part of Ceyennes, in the moun- 
tains of Forez and Beaujolais, and in some parts of Vosges. They 
form all the Hundsruck, Eiffel, and Ardennes and the southern 
part of Belgium. They are met with in Hartz, in Saxony, and 
different parts of Grermany, Sweden, and Norway; and they 
aboimd in England as well as in the United States. They every- 
where offer a matrix for anthracite. 

41. Greologists^ are not agreed as to the natural limit between 
these strata and those of a more recent order, generally designated 
under the name of secondary formation ; but most authors con- 
sider the period of transition to cease beneath the carboniferous 
rocks and the coal measures. 

42. While the different stratified rocks we have spoken of were 
in progress of formation, there were effusions of granite and other 
igneous rocks on their surface, and these geological convulsions 
mive produced in the strata elevations and changes of direction, so 
that many of them are raised up and are very much incHned and 
in some instances almost vertical. It was during one of these 
revoluticHis that the mountains of Westmoreland and Cornwall, in 
England, were suddenly elevated ; a part of those of Brittany, and 
Bigorre, &c., in France, of the Hundsruck, Eiffel, and Hartz, in 
Germany, and many other mountain chains. The superior transi- 
tion strata, which were formed subsequently to this convulsion and 
rested on the edge of strata thus upheaved, were in turn dislocated 
and raised up, and according to the observations oi a French geo- 
logist, Ehe de Beaumont, tms elevation appears to have been ante- 
rior to the formation of more recent rocks^ than those we have yet 
mentioned, and to correspond with the eruption of masses of igne- 
ous rocks of the mountains of Vosges, known under the name of 
haUona of Alsace and Comte. The elevation of the hills of Bocage, 
in Calvados and several mountain chains in England, Germany 
and Poland appears to have occurred about the same time. 

The following diagram {Jig, 27), represents the several strata 
we have described, in a horizontal position, one lying above the 
other, and embraces the granite or plutonic rocks b^low, next the 
aqueous or metamorphic rocks, and above the whole, the transition 
formation, consisting of the Cambrian, Silurian and Devonian Sys- 
tems of strata. 
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UeYonian 5»y«'eni— Fiwito— Futw. 
TnositioB Rock*. .? SHarian Syitem--F«iwib— Trilobi'cs. 

Cambrian Sjrslcm— FowiU— i^lypt. 



Uetamorphic Rocki.K Nlica-schUt. 



{ 



ArKillaeeoos-i^i^t. 



Gneiss. 



Granite— Plutonic Rocks. 
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41. How is the transition separated from the seconijff^ ti>riTdiUo» ? 

42. What is supposed to have happened while the ^millfied rocks were 
bemg fbrmed? 
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' If we suppose the strata to have been in this position at the time 
of a geological convulsion, such as we have alluded to above, and 
that the granite should force its way upwards at A or B, we should 
find perhaps all the relations of the strata changed, presentinj^ 
something like the arrangement represented in the following figure. 

Tnnaittoa. BtntUled. 




ft 



Fig, 2a 

The above figure represents the eflfect of the sudden rising up 
of a mass of granite, bursting and breaking through all the strata 
that were lying above it. Instead of a horizontal level surface, as 
in Jig, 27 y we have a mountain of granite, from the lowest stratum, 
overtopping all the more recent formations ; and the ends d" the 
several strata, where they were broken to give passage to the 
ffranite, are brought up towards the earth's surface, represented by 
the dotted line. In such a case as we here suppose, it would lie 
verjr difficult for one who had not studied the subject to determine , 
which stratum was first formed : it might seem to him that inas- 
much as he finds the granite occupying the highest point, and the 
transition rocks the lowest, that the granite is of the last or most 
modem formation. 



LESSON in. 

Third Geological Epoch. — Secondary Formation'^—Carbonife' 

rous Formation — Old Bed Stone — l^ssils — Coed Formation-^^ 

Fossils — Extent of Coal Measures, 
Fourth Geological Epoch. — New Fed Sandstone — Fossils-^ 

Triassic System — Bunter Sandstein — Mushelkalk'—Keu'per 

^— Ammonites — Fossils. 
Fifth Geological Epoch.— Ztos, or Lia'ssic Systems—Fossils 

— Tchthyosaii'rus — Plei'siosau'rus — Pteroda'ctylus — (y otitic 

System — Fossils. 

THIRD GEOLOGICAL EPOCH. 

Secondary Formation — Carboniferous Formation. 

1. After the OTeat revolutions which seem to have terminated -^ 
the ancient period commonly designated as the transition epoch, . 



OLD RED SANDerONE, &«. SJ 

the earth appears to have remained in a state of repose for a long 
time, which permitted new generations of o^anized beings to mut 
tiply on its surface, and mineral substances, carried by the waters, 
to be deposited in great layers, and to entomb in tteir substance 
the solid reniains of the esuvite of contemporaneous animals and 

3. The first deposits which took place, during this geological 
eixwh, constituted the strata of sandstone, conglomerate, (an assem- 
blage of fragments of rocks and pebbles, cemented, icgether by 
other mineral matter,} clay, calcareous rocks, &c., and from their 
union resulted the fonnation called by geologists the old red stmd- 
ttotte, on account of its antiquity ana prevailing colour. But this 
State of things was soon changed, and there was formed, slowly 
and gradually, at the bottom of the waters, an immense stratum tn 
calcareous rocks, seven or eight hundred feet in thickness ; then 
the sandy sediment alternated with these limestones, and above this 
great formation, designated under the name of carboniferous (coal- 
bearing) limestone, numerous strata of sandstone, schistose clay 
and cotJ were accumulated. 

3. The fossils of the old red stone are somewhat numerous, and 
belong, for the most part, to marine animals, among which was a 
fish of strange form, called cephalaspts, (from the &eek, keplude, 
head, and aspis, shield or buckler,) because its head resembles a 
kind of buckler (Jig. 39). 



Fig. UB.—Cephalatjnt Lt/eaH. 

The Temains tff the genus CrphalaipU (^. 39) are found ch[eflj in the 
upper beds of the old red sandstone of Scotland, but also in HereKirdshire 
■nd Wales. "In this genus, the head is very large in proportion to the 
body, and occupiea nearlj one-third of the entire length of the animal; ils 
outline is rounded and crcBecnt-shaped.and thelaternl horns slightly incline 
towards each olher, their points lieing nearer to one another than they are 
to the round part of (he anout. The middle of the head is elevated, and 
the sides dilated, so as to overlap the body, and cilend considerably behind 
it ; but perhaps the head onlj appears to eitend so far, owing to accidents 
of displacement since the death of the animal. The eyes are placed in the 
middle of the shield, near to each other, and are directed straight upwards. 
It it imagined that the pointed horns of the crescent may have been useful 

I. What happened niter the termination of the transition period of geo- 
logical history T 
S. What were the Rest deposits aRer the transition period T 
3. What is the chuBCt«r of the fossils of the old red nndstone 7 What 
it the tjephalaspis 7 
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u defence! when the fiah wu BtUcked b^ the powerful cephdapoda which 
inhabited the ocean M the period of ita existence." The head and bod j are 
covered with Bcalci, of peculiar and varied ihapei. Amltd, 

4. The carboniferous limestone, also called mountain Hmealtme, 
and metaUiftroua limeatone, afibtds several varieties of black, 
bluish grey, and variegated marbles, as well as ores of lead, cop- 
per, zinc, &c. It contains a great number of oi^anic remains, 
such as divers polyparia cyathophylla (Jig- 18), madrepora, &c., 
encrinites, which belong to Uie division of crincadea {fig- 30). 

It also contains the remains of a number of mollusks, as the 

"^' " " » (jfi^. 32), which resem- 

^ j, wmch, with analogous 

forms, are not chambered ; euomphalus {Jig. 34) ; spirifers and 
productua in great variety, especially {figa- 36, 36). 

The Crinoideffi, (from the Greek, itrinun, a lily, and tidoi, resemblance,) 
a family belonging to the class of radiate animals, are remarkable Ibi the 
. simplicitf uf their organiiation, and the peculiarl; com. 
I plicated stiacture of their skeleton. The animal reiem. 
I bled a true poljp or coral animalcnte i the body conaialed 
' of a gelatinous tube, contracted at one extremity, bj 
wliieh it was attached, and furniahed al the oppoaite end 

placed around the opening which reprasenta the month. 

The vslcareoua skeleton was Ibrined within the tube, 
and consisted of thousands of regularly-ahaped pieces, 
kept together by the longh membrane whicli enclosed 
them during the life of t^ animal. 

The family is divided into genera, according to the 

form of the alems, or according to ita general shape. 

When the arms or sterna are round, it ia an Enerintit ; 

Fie 30.— Cyorto- '1'^ cyalhKriiiUa {Jig. 30) takes its name from the 

«inii« plana.. G'cck. iuoiiw, a cup, and irinon lily. , . , ^ 

Many limestones are camposed olnioet cicLuaively of 

the remains ofapcciesofCrinoidea, OS at Lockport, New York ; andvariou 

genera of this &mily arc (bund in Alabama, near Huntsville. 

, The Orlhacttat, or mlhoctrolilt, (from the Greek, orthat. 



igbt, and teraa, horn,) ia Mraight, or slightly bent,cylin. 
tl, slightly coiirral, many-chambered cell ; the cbambers 

:le. 



,_raled by plain aepla, wl 

larger end, and pierced with a sipbunch 

Go'aialitrt {fig. 32), (from the Greek, 
gbnia, an angle,] is a genua of extinct 

cephalupods, which inhf'"'""'' " '' 

bered shell Tssembling 1 
monites. 

BeiIe'ropAoB(/^.33),(iromlheGreek, 
BiUtraphotart, the name of a fabuk "- 



■a laCeroIia. of the argonaut and nautilus. 

re the characters of the CKrboniferaos Umeatone 1 
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The Euomphalai {fig. 34), <from the Greek, «i, properly, and ompkala* 
the navel,) wu a sasteiopod niolliuk. The shetl is 
often eicecdingl; thick, and is divided irregnlarlf into 
K Duniber of compartments or chambers, provided with 
a solid tobe mnning through them, entirely shutting 
off that part of the shell in which the animal dwelt, 4 
fiom the smsiler and uninhabited portion. These E 
empty Bpacea served, no doubt, as floots, renderinj; the « 
whole mass of the shell and animal sufficiently light ^ 
to move easily in the water. AiuUd. „ „ , 




Fig. 34, — Eamii'pluiltit ptnta'tigtila'ltu 



F^. 35.—Spi'rifer glaber, Fif. 3e.~PTiiductut Martini. 

5. At the period of the Coal Formalion, the earth appears to 
have been occupied, in a great part, by a deep sea studded with 
islands, covered by an abundant and luxuriant vegelatton. The 
then existing plants differed very much from those now living ; 
hundreds of different species are Itnown, but almost the whole of 
them belonged to the class of vascular cryploja'mia : they are 
principally fems, equisila'cee, lycopodia'ces, that is, plants of a 
very simple structure but of gigantic size. The tree-fems, of 
which existing species do not exceed 20 or 25 feet in height, even 
in the torrid zone, and generally not more than 8 or 10 feet, then 
grew, in localities far beyond the tropics, from 40 to 60 feet high ; 
and other plants, whose representatives of the present time are 
mere herbs, then jT»e to 60 feet in height. 

6. In (hat period, there were also insects resembliM weevils and 
neim/ptera of the present day ; scorpions, which differed from the 

5, WbltWMtheconditionortheeartbat the period of the coal formation 1 
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existing species in the number of their eyes ; fresh-water mollusks, 
and very remarkable fishes, which, in certain respects, resembled 
reptiles, and had their bodies covered by thick solid plates. 

7. The dehris of the plants of that period, accumulated in im- 
mense masses and altered by time and other causes, were trans- 
formed into the combustible material, which is so immensely 
valuable, known under the name of coal. 

8. The deposits of coal begin, in France, ordinarily with pud- 
ding-stones formed of the debris of different rocks from the sur- 
rounding country, often comprising gigantic blocks scarcely roundei 
Sometimes finer pudding-stones miemate with sandstone, which 
always constitutes a chief part of the deposit. Very numerous va- 
rieties of these sandstones, arising from the size of the grains of 
quartz and the quantity of ai^illa'ceous matter entering into their 
composition, are found ; theyare frequently micaceous and schistose ; 
they contain beds of clay-slate and bituminous schist, which are 
sometimes very thick, but rarely calcareous strata. The masses 
of coal are scattered throughout, hut are always separated from the 
sandstone by beds of slate ; these are at first nearly pure, then 
mixed with the combustible, and finally are represented alone above 
the deposit. 

9. Besides the cool formed by the accumulation of the debris of 

decomposed plants, the coal-measures con- 
tain a great number of the remains of 
plants which retain their organic chaiao 
ters : the stems and trunks of trees are 
found in the sandstone ; the leaves have 
left their imprints perfectly preserved in 
the schists and clays which accompany 
■he coal. 

10, The impressions of ferns are ex- 
tremely numerous; among them is the 
j Pecopterii {fig. 37), of which the leaflets, 
I but Bttle detached from the pedicle, are 
[ joined in a single leaf, deeply incised, in 
I which we recognise a principal nervure, 
from which the secondary nen'ures arise 
I perpendicularly ; the Sphicnopteris IJig. 
38), analogous to the precedmg, but in 
I which the leaflets are more distinct, deeply 
lobed, and have the nervures radiate al- 
most from the base ; the Neuro'pteria 
J=V-37-P««P'<rt.Bi«aifla.f_^g._3gj_„hich also has the leaflets de- 

- 6. What njiiiDBlB cxisled at that period ? 

7. From what wbb cohJ ibrmcd ! 

8. In what kind of rock ii coal Ibond 7 

9. Id what do we find impmsuona of plants T 
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tsclied, but entire and rounded, and the nervuies arise very obliquely 
from the middle netvure, and afterwards frequently divide ; and a 
great number of other genera founded <m the form of their leafiets 



Fig.2S.—Spl,anoplerU Hxniiighauii. Fig. 33.~Neuropterit Loihli. 

and the arrangement of iheir nervures. We also find various other 
pknls, the families of which are uncertain, such as the Sphena- 
phylliles (fig. 40), ^nnula'ria, &c. {fig. 41), which are Tery 
abimdant in certain localities. 



Fig. iH—Sphniiij^yUum Fig. 41.— ^unu^d'ria brevifatia. 

11. True eauisiia appear to have existed in the coal-measures ; 
but we are also led to place in the same family certain stems, 
grooved lengthwise, with joints at intervals from which branches 
sometimes spring (Jigs, 43, 43). These stems, called ca'lamitea, 

10. Name some of the genera of fonil plimts found in cosl-beda. 
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Bre dten found, like all the rest of those of whicli we apeak, coo- 
verted into aigillaceoua matter, which has became hard, or into car- 
bonates of iron, but rarelv into eilicious matter. The external 
vegetable tissue is frequently found to have passed into a carbonous 



Fig. 43. — Calami'tet iiiclctmii. Fig. 43. — Calami'Ui eanna/o'rmu. 

12. The Lycopodia'cex embrat* various species of Lepidod^n- 
drons {Jigs. 44, 45), of which eillire trees have been sometimes 
found, upwards of sixty feet in height. Their trunks present 
rhomboidal prc^ectiona, spirally arranged^ which clearly exhibit 
near the top cica'trices of leaves. 



Fig. iA.—Ltpid<ide'ndr»a erma'lam. Fig.iS. — Ltpidede'ndroB e'tegaiu. 

13. The Sigilldnx {fig. 46) seem to range themselves next to 
the Cyca'des! ; their stems, flattened by pressure, are channelled 
lengthwise hut not ailiculated, and the cica'trices are arranged in a 
longitudinal series. The stems, called stigma'ria (Jig. 47), are, 

II. What genera belonging to the family of equieita'ceES are Iband in 
eoBl-b«da7 

13. What fbwii] plants of the &iiii]f of Ijcopodia'cee are found in coal- 
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according to Ad. Bnmgniait, probably only the roola rf plants, the 
body of which is traversed by a ligneoua axis surrovinded by soft 



Fig. X^—mgiUdria patki/d^nna. Fig. il.Stigmafria JUm'dtt. 

14. The co'nifeis, which, from the consistence of their wood, 
seem to have participated largely in the forniation of carbonaceoua 
matter in different 

strata, present us, in 
the different coal- 
measures, especially 
in the upper bods, 
species approxima- 
ting to the arauca'na 
in their spirally-ar- 
ranged sessile leaves. 
M. Ad. Brongniart 
refers the whde of 
them (o the genus 
Walchia of M. Stem- \ 
berg, of which two I 
species, with their | 
leaves and fruit, are I 
here figured, (Jift. f. 
48). 1 

15. Animal re- at 
mains are not Tery ^- iS.— o Walchia Schlaiktimii, 
common in coal-mea- ' Waiehia Hypiwida. 

sures ; still some are foimd, and even in great numbers in certain 
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localtdee. From the calcareous beds, subordinate to these sand- 
stooes, in the environs erf Edinbui^b, Dr. Hibbert has collected tha 
renjains of enormous sanroid fishes, the strong and longitudinally 
dciated leeth of which, as well as the whole osseous system, remiDd 



Fig. i3.—Lautr Jaa of tht HiiiaptUut HibbrrtL 
us of the largest sized reptiles. Fig. 49 represents, very much 
reduced, a portion of the lower jaw of one of these voracious crea- 
tures, and ^g, 60 a tooth of the natural size of another species. 
The limestone in which they are found also 
contains particular concretions {Jig- 61 ) which 
are considered to be the excrement of these 
animals, and, on this account, called coproUteg, 
(from the Greek, kopros, dung, ana litkos, 
stone). The family of squaUe was then 
represented by the division of ceslra'cions, 
characterized by teeth 
adapted for grinding, j 
(Jig. 52); and by that t 
of the /lyftorforw, with § 
conoidal but not tren- f 
chant teeth, the ena- g 
mel of which is plaited I 
on both surfaces (^g. ' 
53). The true sharks, 
'?f'^?"T?'"°'i,?l '*' with teeth flattened Fig. SI.— CivroliUi. 
Megahchihyt Hibbtni. ^^ trenchant on the 

edges, {fig. 54), did not then exist, and did not appear until very 
much later Jn the creta'ceous formation. 

Ifi. Other fishes are found in the coal-basins of the continent 
of Europe, either in the bituminous schists, as at Sarrebruck and 
at Antun, or in kidney-shaped masses of carbonate of iron, as at 
Saint-Etienne. They belong to neighboring genera of stuigeons, 
named by M, Aga^iz palxoni'aens, (Jig. 56), and am'bliptenu, 
and seem to have Hved in fresh water. 

15. Whil Boioial remaini are tbund in [be coal-meoiuTei T What ais 
«oprolitea7 

16. Are any other fishm found in caal-b«d> 7 
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17. Marine shells are rare in coal strata, and are only found in 
the subordinate limestone of Belgium and England ; but at the 
same time there were some species of unio and some small ento 
mostracans which indicate at least an afflux of fresh water to the 
sea at the points where these particular deposits were made. 








Fig. 52.— roo/A of 
Cestracion, 



Fig. 53,^Tooth of 
Hybodon, 



Fig, 54.— TboM of 
true Shark, 



18. Extent of the Coal-Measures. It is evident that the 
coal formation cannot be found except above the Cambrian, Silurian 
and Devonian strata, which were formed anteriorly to, or about the 
time of these deposites. If it existed before that period, it must 
be necessarily concealed by all the strata subsequently formed, and 
searches have been extended below them at great expense for this 
combustible. The consequence is, that the coal formation occupies a 
small portion of the uncovered surface of the earth. All the depo- 
sites known in France do not occupy more than one two-hundredth 
part of the superficies of the territory. England and Belgium are 
COTttparatively richer, for in the first the surface of the cool forma- 
tion is equal to one-twentieth of the whole kingdom, and in the 
second to one twenty-fourth. All the other States of Europe are 
much poorer, and some, Sweden, Norway, Russia, Italy and Greece, 
are almost entirely without this valuable formation. Bohemia is 
the richest part of Germany in coal, although it does not produce 
largely. The northern part of the Spanish peninsula seems to 
contain considerable deposites of coal, and to participate, in this 
respect, in the wealth of Western Europe. 

19. The coal-fields of the United States are numerous and ex- 
tensive. Goal is found in Massachusetts, Rhode Island, Pennsyl- 
vania, Maryland, Virginia, Ohio, Kentucky, Tennessee, Illinois, 
Alabama, Mississippi, and Indiana ; in a word, the coal formation 
in the United States is greater than in any country or kingdom on 
the face of the earth, and embraces every variety hitherto disco- 
vered. 

20. The different layers, constituting the coal-measures, were 
deposited horizontally at the bottom of the basins they occupy, but 
they have not remained in this position ; at certain places they 

17. What does the existence of the genus unio in the coal-beds indicate? 

18. What is the relative geological position of the coal-measures ? 

19. In what parts of the United States do we find coal ? 



46 COAL FORMATION. 




were raised up, and at others lowered down, so that they became 
more or less oblique, and often seem to be, as it were, folded oq 

themselves ; it is also remarked that 
frequently a certain extent of the mass 
formed by these layers has been sepa- 
rated from neighboring parts by a sort 
of split or cleft, and elevated or de- 

_^ pressed to a different level; ccmse- 

Fig. 55.^Fault. quently the beds of coal are suddenly 

interrupted at these points, and are 
found further on at a different height. These geological accidents 
are designated by miners under the name of faults, {Jig. 55). 

Speaking of the origin and nature of coal. Dr. Buckland remarks, ** The 
roost early stage to which we can carry b^k its origin, was among the 
swamps and forests of the primeval earth, where it flourished in the form 
of gigantic Ca'lamUes, and stately Lejndode'ndra^ and Sigilla'ritB, From 
their native bed, these plants were transported into some adjacent lake, or 
estuary, or sea. . Here they floated on the waters, until they sank saturated 
to the bottom, and being buried in the detritus of adjacent lands, became 
transferred to a new estate among the members of the mineral kingdom. 
A long interment followed, during which a course of chemical changes, and 
new combinations of their vegetable elements, converted them to the mine- 
ral condition of coal By the elevating force of subterranean agency, 
these beds of coal have been uplifted from beneath the waters, to a new 
position in the hills and mountains, where they are accessible to the industry 
of man. From this fourth stage, coal has been removed by the labours of 
the miner, assisted by the arts and sciences, that have co-operated to pro- 
duce the steam-engine and the safety-lamp. Returned once more to the 
light of day, and a second time committed to the waters, it has, by the aid 
of navigation, been conveyed to the scene of its next and most considerable 
change by fire ; a change during which it becomes subservient to the most 
important wants and conveniences of man. In this seventh stage of its 
long and eventful history, it seems, to the vulgar eye, to undergo annihila- 
tion ; its elements are, indeed, released from the mineral combinations 
which they have maintained for ages, but their apparent destruction is only 
the commencement of new successions of change and of activity. Set free 
from their long imprisonment, they return to their native atmosphere, from 
which they were absorbed by the primeval vegetation of the earth. To- 
morrow they may contribute to the substance of timber in the trees of our 
existing forests ; and, having for a while resumed their place in the living 
vegetable kingdom, may, ere long, be applied a second lime to the use and 
benefit of man. And when decay or fire shall once more consign them to 
the earth, or to the atmosphere, the same elements will enter on some fur- 
ther department to their perpetual ministration in the economy of the ma- 
terial world." 

21. A part of this grand upturning of the coal formation has 
not disturbed the more recent strata by which it may be covered, 
and consequently it must have been effected at the close of the geo- 
Ic^cal period whose history we have just studied. 

20. How were the coal-measures deposited ? What is meant by a Fault? 

21. Has the disturbance of the coal strata affected the strata subsequently 
deposited abcve them ? 
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FOURTH GEOLOGICAL EPOCH. 
{Secondary Formation Continued,) 

Saliferous Formation — New Red Sandstone — PolikilUie (variegated) group, 

22. The rich vegetation which adorned the surface of the earth 
during the coal period, seems to have been entirely destroyed or 
converted into coal, by the geological convulsion which separated 
this epoch from the succeeding period ; this convulsion was fol- 
lowed by the formation of extensive deposits of more ancient rocks 
and sandy matters, as well as by the efiusion of different rocks of 
igneous origin, such as porphyries, 

23. These deposits, which are indicative of great movements 
in the waters, constitute the formation designated by geologists under 
the names of red conglomerate, new red sandstone, rothe-todte^ 
liegende,* &c. They frequently form layers six hundred feet in 
thickness, and contain scarcely any remains of organized beings. 

24. This lower new red sandstone, or penine formation of the 
French, is very abundant in Thuringia. It contains very few 
organic remains. Above this red sandstone we find, in some places, 
bituminous schists, which are very remarkable, especially in Thu- 
ringia, for the ores of copper they contain, which circumstance has 
gained for them the name of kupfer-schiefer, that is, copper-skte. 
They contain plants which appear to belong to the family of algae, 
and a very small number of terrestrial plants, such as the co'nifers. 
Higher in the series come the compact limestones, the zechstein 
(mme-stone) of the Grermans, separated into several layers by 
marls ; then cellular and magnesian limestones, which are more or 
fees friable, and again, compact limestone and argilla'ceous matter. 
Such is the assemblage of strata in Thuringia, and in different 
parts of Grermany ; but in England the whole series is replaced by 
the magnesian limestone, 

25. It was about this geological period that animals belonging 
to the class of reptiles were created. In this formation we find 
for the first time the remains of sau'rians, in the bituminous schist 
and in the zechstein, and subsequently in the magnesian limestone 
of England. These reptiles resemble the Hving genera of the 
iguana and monitor. We also find fishes of the genera palseo- 
ni'scus {Jig* 66 — from the Greek, palaios, ancient, and oniskos, 

* Rothe-todteMegende — Grerman : red, dead, lier ; so named because it is 
of a red colour, underlies the metalliferous strata, and is dead^ or worthless, 
as far as any metallic produce is concerned. 

22. What became of the plants which flourished on the earth previous to 
the time of the coal formation ? 

23. What formation is next above the coal ? 

24. What are the characters of the lower new red sandstone 7 What is 
kopfer-schiefer ? 

25. What animals seem to belong to this fourth geological epoch ? 




u 
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B kind of fish), and ambly'plerui, (ftom the Greek, amblut, obtuse, 
and pteron, wing), simi&r to those of the coal-measures ; but they 
are not found in any formation subsequent to that we are now con- 
sidering. 

The palMinHtaii it found in 
the mngnfsun limcatone of 
England and the kupleizchtefer 
or Uermnnf ■ The head is of & 
omewhat aingnlar fotm, eapc . 
liaily with regard to the ante. 
ior portion of the Ikcc, which 
, ., ibrma a rounded projection 

Fig. 56.— faiffltmi icut ^i^^^^ ^„ j ^f^^^ ,he upper jaw, 

ocCBBioned by the Bwelling out and prolongation of some of the bones of Ibo 
dkull. The orbit of the eye is aurrounded by a seriea of small narrow bone^ 
and the mouth is usually large, but tbe tetth so exceedingly amall that it i* 
rarely possiWe to dielinguiah them. The jaws, however, arc powerful, and 
nrora eapecially the lower one, wbloh is larger than the upper. Angled. 

The genua Plalyia'miU 

(Jig. 57), (from the Greek, 

flatBi, Dat, and abma, body,} 

' which is found in the sania 

from the paleeoni'acus, ai the 
body is of a trapcioidal form, 
is much raised, and nearlj 
BB high as it is long, while 
from the position of the 
Bcaka on the edge of the 
TT. ,- ni . - Ixtck and on the bellr. it an. 

Fij.57.-Pl.l,»m«.. p„„„b...b..n«;u,n.i 

' The head is large in proportion to the siie of the body, the eitremity of 
the snout fbtme a slightly rounded projection, the mouth is small and nar- 
row, the jaws are armed with amall but very pointed teeth, the lower jaw 
is shorter than the upper, and broader in proportion, and the operculam (or 
bony scale coloring Che gills) ia narrow and much elevated. The whole 
body is covered with large scales. 

One of (he moat remarkable peculiarities in the structure of this fish is, 
that although the body is flat, short, and elevated, like that of the recent 
flat'Gsh, the tail instead of being, as in the latter, much forked and equally 
lobed — arrangement* which appear, in the present state of things, to bo in- 
dispenaable — retains in the Pbtyso'mus the he'ttToetrtal charaeter, the upper 
portion having the vertebral column continued into it, and being mucfi 
longer and more powerful than the lower portion, which rather resemblea a 
small accessory fin. Anattd. 

M. AgBseiz classifies fishes according to the form of their scales. All 
those fishes with angular scales regularly arranged and entirely covering 
the akin, constitute the order of Gamiideant (from the Greek, ganoi, splen- 
dour). The order of PlacaidtanM (from the Greek, plax, a broad plale) con- 
tains fishes whose akin is covered irrtgHlariy with plates of ensmel, often 
of considerable dimensions, but aometimes reduced to smalt points, like the 
shagreen on the skin of the shark, and the prickly tnbcrcles of the raj. 
The order of Ctenoidrani (Irom the Greek, kteit, in the genitive ilenot, a 
comb) ia characterized by homy oi bony acales, jagged like the teeth of a 
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comb on the outer edge. The pereh^ and many other existing genera, are 
of this order, which contains bat few fossil forms. The order of Cyclodu 
uns (from the Greek, kuklos, a circle) is characterised by having scales 
which are smooth and simple at the margin, as in the herring, salmon, d&c 
When the vertebral column is prolonged into the caudal fin, the tail is 
he'terocercal ; when the vertebral column terminates where the tail is given 
aS, we have the homocercal tail, as in most of the recent fishes. 

In this same fonnation we also find Spi'r^ers (Jig. 5S\ and 
Productus (Jigs, 59, 60), and especially the Productus acmea'ttts 
{Jig* 59), which, under the name of gry'phites acidedtus^ Jias 
been regarded as characteristic of it in Germany ; and sometimes, 
in consequence, the zechstein is called gryphitenkcdk, which, on 
this account, has been confounded with the lias. Other mollusks, 
as well as the remains of encri'nites, which seem to be the same as 
those of the carboniTerous limestone, are also found. 






Fig. 58.— S;>»'n/er Fig. 59. -^ProductuB Fig. 60.— Pro- 

Mndula'tus. acuUa'tus. ductus calvns. 

5J6. Next in order is a layer, known as the sandstone of Vosges, 
which lies either on the red sandstone or magnesian limestone ; 
or, when these strata are wanting, on some other more ancient rock. 
After the formation of the seversd portions of the crust of the globe 
just mentioned, geological convulsions again occurred, and, as it 
appears, the mountains of Vosges, the Black Forest, &c., were 
elevated about the same time. After this movement, new deposits 
were formed around the base of the hills, constituting the Triof 
System of French and German geologists, so named because it is 
composed of three kinds of rocks. 

27. The Trias or Tria'ssic System (or upper new red sand- 
stone of the English) consists of: — 

1. 'Bunter Sandstein, (gres bigarri of the French), a quartzose 
sandy deposit, which usuafiy forms the base of the system, both in 
France and Germany. 

2. Muschelkalk, (shell-chalk), a well-marked and highly fossili - 
ferous limestone, rarely absent in the continental series, but never 
found in England. 

3. Keuper, a singular group of sandy marls, of variegated 
colours, frequently containing salt and gypsum, and remarkable 
for numerous fossil vegetable remains. 

28. The BuNTER Sandstein, or Gres Bigarre, is a fine-grained, 

26. What is the relative position of the Vosges sandstone ? 

27. What is the trias, or tria'ssic system 7 

5 
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Fig, Bh—BirtUraeks, 



solid sandstone, sometimes white, but more frequently of a red, 
blue, or ^enish tint. The structure of the lower part is tolerably 
close-gramed, and sufficiently compact to fonn a good building 

stone ; but the uppermost strata are 
fissile and incoherent, and pass into 
an earthy clay containing gypsum 
(plaster of Paris). The intermedi- 
ate portion is compact, like the 
lower, but its structure is that of 
a conglomerate, and is used for mak- 
ing mulstones. In many districts the 
Bimter sandstein ccmtams numerous 
remains of fossil plants and marine 
shells, but the latter are rare and con- 
fined to particular localities. In this 
series are found foot-prints, (fig. 61), 
some of which evidently belonged to 
birds, and others, according to the 
opinion of certain naturalists, belonsred 
to maisupial mammak, or gigantic 
batrachian rej^iles. 
29. The sandstones ' and marls of this part of the series are 
spread over an extensive tract of land in western Europe, more 
particularly in France, and in south-western and central Gterinany^ 
On the right bank of the Rhine, in Swabia, there are some dis- 
tricts in which the bunter-sandstein rests immediately on the rothe- 
todte-Uegende, the lower new red sandstone (Vosges sandstone) 
being absent, and no other representative of the magnesian lime- 
stone taking its place. ^ 

80. The MuscHELKALK (also called conchylian limestone, shell- 
limestone) is a compact limestone of a grey or greenish-gjey co- 
lour, and commonly contains, in great abimdance, the remains of 
shells and fragments of radiated animals and fishes. Sometimes 
the muschelkalk is a bituminous rock, and emits a fetid, disagreea- 
ble odour when rubbed or struck with a hammer. 

31. Am(mg the characteristic shells are the ^mmonVtes nodo^suB 
{fig, 62) ; ^'vi'cula socia'Hs (fig. 63). Possid&nia minu'ta {fig> 
64). In this stratum the Trigo'nia (fig. 65) is first met with, and 
species of it are found extending through various subsequently- 
formed strata to the chalk. A great many £ncri'niies are also 
found, especially the species monuifo'rmis (fig. 66). 

28. What is Bunter Sandstein ? What animal remains do we find in the 
Banter Sandstein ? • 

29. Where is the Bunter Sandstein met with ? 

30. What is MuscheUkalk ? 

31. What sheHs are characteristic of the Muschel-kalk 7 What are Am- 
monites? 
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The Anmonitti, (Jig. 62), or Co'rnua Ammmis — bo called from ■ nip. 
poMd tBBembknce to t£e barns EngTUTen dd the beads of Jupiler Ammon — 
BTe among the most common and wcll-knowa (basils. Local legends, 
■ecribing their origin to swarms 
of snakes turned into stone by 
(he prayers of some patron saint, 
■Te still extant in . certain parti 
of England, and perpetuated bj 
the name of tBokf-atanet, }rj 
which these fosails are provin. ' 
cisll; known. Several hundred ' 
epecies faaoe been described i , 
thej are divided into genera, 
which are characterized by es. 
aential modilicitions in the di- 
reclJon of ths spire, and the 
inflections of the septa. 

The shell of the ammonite is p^ G2.—Ammimitt, aadoiu: 

generally thinner sjid more deli- 
cate than that of the nautiius, (to which it bears cansiderable reaemblince], 
and in some apeciea it resembles the flexible covering of the srgooanti pos- 
aihlj, in these ppecies the animal, like the recent paper nsutilua, ma; haTa 
possessed a. pair of arms terminating in broad membranoos cipansions, 
which secreted the shell, and generally remained in contact with it ; others 
wise it is difficult to explain how soch delicate Abrics should have been 
nniniured. 

The living and extinct species of testaceous cephalopoda, " are all con- 
nected by one plan of organization ; each forming a link in the common 
chain which unites Ihe existing species with those that prevailed among the 
earliest conditions of hfe upon our globe, and all attesting the identity of 
the design that baa eflected so many similar ends, tbrou^ such a variety. 
of inatromentg, the principle of whose construction is, in every species, lim- 
damcntilly the same. 

" Throughout the various living and ertinct genera of these beings, the 
use of the air-chambers and siphon of their shells, to adjuet the specific 
gravity of the siiimsls in riaing and sinking, sppears to have teen identical. 
The addition of a new transverse plala within the coiled shell added a new 
mir-cfaamber, larger than the i^eceding one, to counterbalance the increase 
of weight that attended the growth of the shell and body of these ani- 
mals." — Buddajid. 

The occurrence of the nautilun and its congeners among the earliest 
traces of the animal kingdom, and their conlinuance throughout the im- 
nenwi periods during which the fiimily of ammonites was created, flour- 
ished, and became extinct, and the existence of species of the same genus 
at the present time, are lacts too remarkable to have escaped notice. To 
these facts Hrs, Howitt alludes in the tbllowing lines to the nautilus : 
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m AVICULA^POSIDOSIA— TRIGONIA— ENCRINITEa 

The genus A'cicula {fig. 63) beloan to tho 
diTisian of biTslve ■belli, and the fbnil ipeciei, 
a gTUI manj of which are knoirn, roMmbla llie 
pearl oyilei (A'vkiila Maig«niiftta'\. 
i^.63. — J'ricula iSbcia'iM. 

The genni Fofida'nia, (Jig. 64), (fioni Iba 
Greek, pottiiUn, Neptune), alto belongi to the 
bivalven, and a found in Ibe lower put of tbo 

n i-i .. "j , ■ ■ ■ •. cirbcFiii'teroua aeritt 

Fig. 64.— I'oiiijii RM ninu'Is. 



Fig. 65.— TV^nta vulga'Tii. 
Tho ^eiins Tiiginia, fjig.65 — from the Greek, Irigomm, three-cornered). 



F%g. 66.— Enm'nitei mmilifor'mit. 
The Encti'mtei, (Jig. G6— rrom the Greek, knnim, a lity), bebng to tho 
family of Echi'nodemi. The akeletoo of this animal ia raid te consist 
of nnt less than 26,000 separate pieces. The bod; of Die lily-encrinile was 
supported on a long- and near]]' cjlindrtcal column, attached to a rock or 
■ome hard anbatance at the bottom of the sea by an enlargement of its base. 
This cotnmn was made up of a raat number of joiots, lliiough which wai 
an aperlnrc, descending from the ■tomach of the animal to the base of the 
cdumn. 

83, The Kbv'pbr (a German word) is the name given Id 
the uppermost division of the tria'ssic system, and ia often ap- 
plied 10 the upper part of the new red sandstone foimation. This 



KEUPBR FORMATION. 



group usually consists of a immerous series of mottled marls, ota. 
red, greenisli grey, ot blue, colour, which pass. into green mads, 
black slaty clays, and fine-grained sandstones. " Throughout the 
series, common rock-ealt and gypsum are abundant, but the 
organic remains of animals are extremely rare. Of plants, how- 
ever, a considerable number are preserved in some loralities ; and 



these indicate a wide departure from the carboni'ferous period, and, 
,as well as the shells, seem to 
possess more analo^es with the 
forms of life determined frorn the 
fossils of the secondary period, than 
with those common m palte'ozoic 
rocks. Besides peculiar species 
of f^ms, the trias presents us with 
fossil plants not previously met 
with. In the sandstone are par- 
ticular species of co'nifers which 
<;onstitute the genus yah'zia, {fig. 
67), and in the limestone, remains 
of cyc'adere of the genus mardellia; 
this last (hmily is very abundant 
in the Keuper, in which are found 
the genus Nils</ma, and the genus 
Pteropkyltum^{jig. fiS). Several 
species rf large saurian reptiles 
are also found in the trias group 
of rocks. F^M.~Pt^TophyUiiinPkinittgiTn. 



M LIAS, OR LIASSIC SYSTEM. 

FIFTH GEOLOGICAL EPOCH. 

Imii, or Lia'irie Sgaem—JuTa'tBie Formation— (Xiiilie Syttrm. 

[Secondary Formaiimi Continued.) 

33. Up to this period of its geologicd history, we have seen the 
earth was inhabited only by pjants, Gome inferior animals, such as 
zo'ophytes, moUusks and fisbes, and lastly, by some reptiles. Dur- 
ing the period at which wc hare now arrived, this state of things 
clmnged, and there was created a new fauna composed of most 
remarkable animals, characterized especially by a multitude of 
reptiles, of strange form and gigantic size. 

34. The formation of the Lias — so called from a barbarous pro- 
• vincial word, supposed to be a corruption of layers, and to allude 

to the ribend-iyte appearance of the rock when seen in section— 
the Lias consbts of strata, in which an argilla'ceous character pre- 
dominates throughout, but which are also remarkable for a quan- 
tity of calcareous matter mingled with the clay, and forming 
cxM^coial bands of argilla'ceous limestone. A few beds of sand- 
stone also alternate with the clay and marl, and are scanetimes 
Inixed with the latter, forming a marly sandstone of, a white or 
greenish colour. 

35. The inferior layers of the lia'ssic system are characterized, 
according to M. Leymerie, by the presence of the Peclen Iv^du- 
ne'naia (jig. 69), and different species of ecki'nidx of the division 
diade-ma (fig. 70). 



Fig. 69. — Pt'cten lugdutu'nni. Fig. 70. — Diad^ma tiria'U. 

36. The middle layers, or the lias proper, are distinguished 
especially by the presence of the Gry'phea orcxuitu, {Jig. 7 1 ), and 
the amraonite named after Dr. Bucked, {Jig. 72), Uie spi'rifer of 

33. What 19 remarked of the aaiinals in the early geological periodB T 

34. Of what is the Lias formation constituted ? 

35. What animal Temains characterize (he ioferioi beds at the Liu 7 
3G. Haw is the Lias piopei chtiraclerized I 



*0S8ILS or LIASSIC SYSTEM. 



Walcot, (fig. 73), the hat of the race, the giant plagio' stoma, (Jig. 
75), aoA the spinous ptica'tula, (Jig. 74). 



Fig. 73. — Ammonjta Buckia'adii. 



Fig.n.—SpfTifir Wakmi. 



J Fig. 75. — Plagii/tlimta giga'ntium. 

37. The superior part of the lias contains a great number of 
belemnites, {Jigs. 76, 77), the ammonite named after Walcot, (Jig. 
78), and an (ivicida with unequal valves, (Jig. 79), &c, 




Fig. 77.— Bile^nif « SuUi^tu*. 



37. Wbftt fonili belong to Uw i^far pwt of lbs Liai 1 



FOSSILS OP UA8SIC BTSTEM. 



Fig. 78. — ilnuni>Ri(» Waicali. 
38, We also find in this group varioiis species of Trigo'nia, 
{Jig. 80), which appear to have existed in ai fwrts of the depo- 
sit ; but the species, which perhaps furnish very important charac- 
teristics, have not yet been studied sufficiently in relation to the 
grouping. They extend through the o'oUtic series to the chalk 
forioation. 



Fig. W.— l'r^o'tiia elaveOa'te. 

39. We find too, in the has for the first time, in ascending 
through the crust of the earth, those singular saurians whose ske- 
leton at the same time reminds us of lizards, crocodiles, fishes and 
mammals ; their feet, which are in form of paddles, show they 
were aquatic in their habits : such are the Ich'lhyosau'ms, (Ji^. 
81), some of which were twenty-fiTe feet in length ; the Plet'no- 
sau'rus, (Jig. 83), some species d" which are nearly fifteen feet 
long- ^ 

38. Are uiy apecieR of Trigo 

39. What U ui tcb'lhyowtu'n 
isfcundT What U the Ploi'Mw 
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57 



The I'chtutosau'rus (from the Glreek ichthu$, a fish, and aauros, a lizard 
'—Jish-lixard—Jig: 81), must hare resembled some huge fish, having- an 
exceedingly large head and very powerfttl talL The spine consisted of 120 




Fig, 81. — Tchihyomu'rus comtnvnis, 

▼ertebrsB or joints, besides those of the neck, which were united into a mass 
of solid bone. The eye was an extremely powerful organ, ** capable of 
adapting itself," says Dr. Buckland, **to great changes of distance, and 
great alterations in the amount of light in which it could be used ; giving 
t6 its possessor the power of discerning a far-distant object, as well as one 
near at hand, and of pursuing its prey in the darkness of night, or the dim 
obscurity of tlie depths of the ocean, as well as in the day-time or on land. 
This animal had a wrinkled skin, like the whale, without scales. 



n 




Fig. 85J. — Plei'aiosau'rus ddrchodeiruB, 

The Plei'biobau'iius (from the Greek plesion^ near, and sauroSf a lizard or 
reptile — resembling a reptile— ;^g-. 82) may be described as exhibiting the 
head of a lizard, attached to a neck whose length was three, or, in some 
species, even more than four times that of the head. The body appended 
to this head and neck was comparatively small and fish-like ; the extremities 
were large paddles, and the tail like that of the crocodile. The neck con- 
sisted of upwards of thirty vertebrs or joints, and was very long and flex- 
ible. Ansted, 




, , . Fig. 83. — Pteroda'ctylus longiro'stris. 

40. We also find, for the first time, in the lia'ssic group, the 
pterodac'iylus (from the Greek pteron, wing, and daktulos, finger— 



SB JURASSIC OR OOLITIC SYSTEM. 

fig. 83),a flying eaurian, whose bead and neck gave it the semblance 
ofabirdiaodils toil was like that of a manunal, while its exiiemities 
were analogous to those of a bet ; it waa capable of walking and 
flying, and, perhaps, of climbing Bteep rocks in pursuit of food. 

4!. Wiih the remains of these siagular animals are found, in the 
lias of Lime-Regis, on the coast of Dorset, England, an immense 
quantity of coproliles (from the Greek koproi, dung, and lilhof, 
atone), which probably belonged to them : sometimes their intes- 
tines are found in their skektons ; and we also find, in these, the 
remains of fishes and other reptiles, clearly showing how the 
aquatic species were nourished. The remains of insects are found 
wiih those of the pteroda'ctyh at Solenhofen, in Franconia, ako 
showing what was the food of these animals. 

43. Saurians resembling crocodiles were much less abundant in 
this epoch, although we find, in the lias, remains which prove 
their existence. The me'galoaau'rus (from the Greek megat, great, 
and saurot, reptile) partoc^ of the nature of the crocodile and 
monitor, and must have been from fifty to sixty feet in length. 

43, Ink-hags of considerable size [Jig, §1), ana- 
logous to those of the cuttle-fish, are abo found. In 
the lias of Lime-Begis, the dorsal bones of the cahnar 
are also met, with other traces of this genus, as well 
as of belemni'tes. The ink or sffpia, which may be 
obtained from these fossils, is as good as that pre- 
pared from the recent cuttle-fish, and has been used. 

44. The Jura'ssic or O'olitic System. — O'olite 
(from the Greek bon, an egg, and Itihos, a stone), is a 
granular variety of carbonate of lime, frequently called 
roe-alone, from its resemblance to a fish-roe, or egg-bag. 

UrM^ink- "^^^ freouency of the occurrence of this particu^ 
itf. form of limestone in a great series of deposits, has 

caused the name of o'oHlic to be applied to the whole series. 

45. The o'ohtic or jura'ssic deposits (the Jura-kalk of German 
geologists), are divided into several groups, which are distinguisha- 
Me from each other by their relative position in the scale of eleva- 
tion, but more particularly by the fossils found in them ; the re- 
mains which are characteristic of the preceding groups, are not 
met with in this. The o'olite is divided into the bwer, middle, and 

n the scries of o'ohtic deposits, 

40. Wh»t ia a Pteroda'ctylua 7 Where is It found 7 ' 

41. What was, probably, the food of the Pteroda'otylus J 

42. What wa> the Me'galOTan'ros ? 

43. What other (btsil tubatancee are found in lias? 

44. What ia o'olite 7 

45. How ia the o'olilic systemdivided? HovarethediviaioiiBrecognisedT 

46. Of what doe* the lower o'dile coniistT By what fbuil » it ohuie- 
leruedr 
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of ferru'ginous o'oUtea, and strata of cwnpact limestone and clays, 
more or less pure and fitted for thfe purposes of the fuller, and 
hence named Ai/fers' earth. The first of these marly deposits joins 
with the mar^ of the lias, but is characterized by a new species of 
gryphfe'a {Jig. 85), which is not fotmd in the preceding layers. 

47. Above these deposits 
are found fissde marls, lime- 
stone, with ferru'ginous o'ohte ; 
to which succeed earthy de- 
posits, the great o'oUte, which 
consists of a variahle series of 
coeise shelly limestone (lo- 
cally called "r^"), alternat- 
ing with beds of fine soft free- 
stone, devoid of fossils, and 
adniirably adapted for building 
purposes. Above these again 
come marls, sands, clays, and 
limestones, some of which are 
full of shells. , They are known 
under the names of Bradford 
day. Forest fnar6fc,and Cornr 
broth. In spite of the num- 
ber of fossils, often broken and 
in the state of moulds, found 
in diis group, it is difficult to 
designate those which are cer- 
tainly characteristic of it. Fig. SS.—Grypha'a tym'iium. 

48. To the Gryphx'a cym'bium (Jig. 86) . which is characteristic 
■of the first ^oup of the o'cditic deposit, and forming, as it were, a 
new geognostic horizon, we mayadd the 0'sfreaaf!flnmo7o(^g. 86), 



Fig. S^.— Ttffbra'tuh digi/na 



47. What if fbuod above the lower o'olile ? 
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which is found in the upper mBiie, or limeslooes somelimes met 
with in their place : difierent species of Terebra'tuia [Jigs- S6, 69), 




f^Si.—Ttrand.gMia'lm. rig:BB.—nrt».fiiii/t. Kj.M.~Jmmmiut Brmgnin'rtiL 



which seem to belong more particukrly to the lower o'olite, as well 
ss a small globose species of ammonites {^g. 90J. 

49, In the limestones proper, different species of e 
{fig. 91} are found ; vorioiie species of pleuTotonut'ria [Jig. t 



ft|-. 91. — Ammaaita ttjia'ttdu*. Fig. 93. — Plearoicma'ria coamdra. 

which seem to be characteristic, and a great number of shells rf 
divers kinds, are met with. Encrini'tea, frequently very nume- 
rous, which are chicflv referred to the pyriform species, apiocri- 
niles, are sometimes found on the very spot where they Hved, 
attached to the Eoiid materials forming the bottom of the sea of that 
epoch, and covered by successive deposits of the earthy matter of 
which it was constituted. 

50. An important fiict is connected with the marls and fissile 
limestones which form the first of the o'olite system : the first, or 
most ancient fossil mammals, were discovered in Stonefield slates. 

48. What foMiits arc charncterlstic of the o'olilB 7 

49. What IbsKils are found in the timeslone proper of tlie o'olite aeries 7 

50. What important fuct ia connected with the nsBile limeBtone and marls 
of the lower o'olite I 
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These sr " 
mals, th 
jaw of 
vliich ii 

sented (^ 

supiafe; 
'one of t 

imperfec 

of the class. — Rg,B3.—Jaa*('(t«DWi'(|>*w»i«Wi'n*i— <'«"'*'" 

Bones of large animals, thought 
to belong to the order of cela' 
cea, are also found in the o'oU- 
tic strata. 

51. Con'ifers, which are but 
rarely fomid beyond the shell- 
hmestones, are abimdantly 
met with in the o'olite series, 
of particular genera {Jig. 94), 
with Cyca'deK (/gr-.SS) — 
ferns of different species, dif- 
fering from all those met in 
more ancient strata, and finaUy 
a true equisetmn {fig. 96), 



FigSS. — Plera'phyUam WUliamit'nU. 



51. Wbat fbaail plants ore found in the lower o'olit« T 
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52, Middle O'olite. — This group, which is less ctMnplicated 
tlan the preceding, at the lowest part consijta of clay, called Oxford 
clay, with layers of calcareous grit, and straloid masses of lime- 
stone. Above these are found sands, and Umestones which are 
more or less o'olitic, and (rflen ferru'ginous. In this ffroup we find 
deposits of o'ohtic iron, which had already appeared in the pre- 
ceding series. It is very rich in fossils, particularly ammonites; 
and the ^nancJiy'tes bicordtilus {fig. 87) is very common. 



Fig-. il.—Ananth^tet Ucmda'lut. 
Ananchxflrt a a genua of the ftmily of Echini'deK, or Bea-nrcliinB,9orae- 
limcfl vulgarly called sea *ggB. The (imily contains thirteen genera, which 
are dislinguiehed from each other by tha form and aiite of the anihuta'cro, 
(filUy*)~tiie narrow longitudinal porllons of the shell of the echinus or sea- 
urchin, which are perforated wilh a number of small orifices, giving pa»- 
sage to tentacular suokern, and allernate with the broad tubercuUte spine- 
bearing portions (tre fig. 70)— and also by the position of the vent, and of 
the mouth. Figure 70, p. 54, eihibita the ambula'cra, between the tubercles 
to which the spines are attached in living species. 

53. What especially characterizes the Oxford clays is the pre- 
sence, often in abundance, of a new species of Gr\-ph£e'a [fig. 98), 



^ ^ 



T\g.^.GTltpliic'a^liilani. FIg.Va. O'lifW Jfc'rjiii. JIf.lOl. Tcrebra'tslainfri-a: 

the O'slrea Ma'rakti {Jig. 99), which already cofnmcnced in the 
preceding group, a great number of difierent terebra'tula, among 
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which we find in ihe upper part of the series, the Terebra'tula 
Thurmanni {Jig. 100), and the Terebrt^tttla impream {fig. 101 J. 
The moulds of these shells are frequently sihcious, ana we fina, 
in the upper layers, beds rA sihcious balls of loose texture, some- 
times enclceing sihcious moulds of shells. 

54. The upper group of the middle o'olite, called coral o'ohle, 
consists almost entirely of limestone ; it is divided into different 
thick layers, which are distinguishable from each other by their 
structure. The first or lowest layers are ordinarily compact, grey- 
ish or yellowish, filled with polypa'ria or corala of a sac'charoid 
structure, or those which have passed to the sihcious state : this 
constitutes the coral Tag of English geologists. Some of the 
succeeding layers are o olitic, frequently of &rge irregular grains, 
mingled with fragments of rolled sheila i others are compact, pass- 
ing into chalk or even marl of greater or less solidity. 

55. The numerous polypa'ria contained in this group present 
to us caryophy'lUa [fi^. 21), a'strea, meandri'na, madrepores of a 
great number of species, resembling more or less those of coral 
reefs, and a great many other genera. Among the shells, ammo- 
nites are less common ; but above the o'ohte, lAere all the organic 
remains are broken, the lowest layers contain a great quantity of 
various sheUs, among which are nen'nea {Jigs. 102, 103). The 



Fig. im—Stiiiua Goodhami, 




superior strata contain a great quantity of astartea {figs. 104, 
105), the most characteristic of which is the aalarte minima. 

54. What are the chamclcrs of the upper group of the middla o'olits I 
What is coral ngl 

. 55. What irenera of cania are found Ld the middle a'olile ? Whit fosatl 
Ihella do we Sad ia this groop T 
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Fig.lOi.—Attartimi'aima. Fig. 105.— Ailerte tltgant. 

Among other shells, we may cite the Dictfras arieti'na (Jig. 

106) ; and among the echi'nodenns, the dda'ris conna'ta 

{fig. vri). 




I 

Fig. 106.— JlfouU and ihtU of the Dict'Tot Fig. 107.— Ci.io'm 

56, Upper Colitb. — This group is divided into Kimmeridge 
day, and Portland o'oHle. Kimmeridge clay, {so named because 
it is well exhibited at Kimmerid^ Bay, and near the village of 
the same name, in the isle of Purbeckjj^is of a blue, slaiy, or grey- 
ish yellow colour. Above this is the Portland stone, which, with 
altematicns of compact, marly, sandy or o'olitic limestones, teimi- 
nates the Jura'ssic or o'olitic system. 

B7. The organic remains which characterize this group are of 
the genera ostrea, and ex'ogy'ra of particular species {figa. ICCIj 
109), sometimes in great abundance. With a few ammonites, we 
also find mya {^g. Ill), Pholadomy'a (^g. 110), and Terebra'tula 
(^g. 112), which are also equally characleristic. Certain beds 
of this formation contain Faludi'nie, or He'lices, consequently indi- 
cating that streams of fresh water emptied into the seas of that 

56. How ia the upper o'olite divided? What iB Kimmeridge claj^ 
What ie found above the Kimmeridge davl 

57. Whst Knsib «re cbarftclerialic of the opper o'olito T . 
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Fig. 108.— O'jfKo deU Fig. 109.— £i'ogyro Fig. 110.— PiaiiJomy'a 
(did™. vii'gtila. a'eutie&tla. 

58. The bthographic stone of Solenhofen, in Bararia, is referred 
to the upper strata of the Jura'ssic system ; in it are found an ini' 
mense quantity of fossils, reptiles, particutorly, pterodactyEs, fishes, 
insects, plants, &c. In some parts of upper t/oUte are beds of a 
highly bituminous shale (locally known as Kimmeridge coal); in 
the latest calcareous beds of the Portland group are found cyea'dem 

(.As- 113)- 



Fig.lli.— Mi/a rug(/»a. 



Fig. UZ—Terebra'tuUi itUa. Fig. 113.— Zx'mia ftato'ms. 

59. The o'olitic or Jura'ssic system of rocks is met with in Eng- 
land and on the continent of Europe, but is not represented in 
North America, where the transition from the new red sandstone 
to the ereensand and other rocks of the creta'ceous period is abrupt. 
No rock answering to the Lias has yet been discovered in the 
United Slates^ ^ 

58. To what {reological group does the lithngrapliic Etone of Solenhofen 
belong T What is Kimineridge coal? 

59. In what part or the world is the o'olitic sjstem of rocks (bund T la 
it known Id the United Statca ? 



1 GEOLOGICAL EPOCH. 



Secondary Formation Coniinued. i 

Sixth Geological Epoch. — Crela'ceout Fhrmalion — Lower Cr6- 

la'ceoua Syntent — Fossih — Wealden Deport — Greensand — 

GmiU — Fosiili — Uj^er Creta'ceous System — Fossilt — Extent 

of Creta'ceoui Ibrmation — Teible of Fbrmaiions. 

sixth geological epoch. 

Creta'csous Formation. 

{Secondary Formatvm Continued.) 

1. Next in order above tbe Juia'ssic system we find, in discord- 
ant stratification, immense creta'ceous deposits in a great many lo- 
calities ; these deposits may be divided into several others, accord- 
ing to the discordance of stratification observed in some of their 
divisions. The creta'ceous formation (from the Latin, creta, chalk) 
may be divided into the upper and lower chalk. 

'i. The LxiwER, or Inferior Creta'ceous system : Neocomian 
of the French ; the Shanklin, or Lower Green Sand of the Eng- 
Ksh, The first deposits formed above the o'olite are composed of 
marls, then a yellowish limestone, characterized by great numbers 
of g«nus Spaidngua {fig. 114), with a multitude of the remains 
of shells and polypa'na of dilferem genera. This hmestone is 
sometimes in continuous layers of considerable thickness, sotne- 



I . Whit is found next above the JuroBsic formation T Wh j U it termed 
creta'caoiu J How is the crela'oeouB group divided 1 

3. How are the first depoaits above the o'olite characteiizod ? What ia 
Imaachclla! Wbat ii found next above the yellow limeslotie ? 
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times only in masses agglutinated to each other by mud and sand ; 
sometimes it is entirely wanting. Above it are clays which con- 
tain, often in great ijuantity, ex'ogy'ra. {Jig. 116), and oysters, 
among which is distinguished the great species, named Oatrea 
Leymerii; the lAma degans {fig- 116) is also (bund. Among 
these clays are met lai^ calcareous massCSi a good deal flaJtene4 
filled with the same fossil sheUs, presenting lumachella* or conchi- 
lians, which have been confounded with the Portland group, form- 
ed by an accumulation of the ex'ogy'ra virgula {fig. lOtl). Neirt 
we liave, at least in parts of Fiance, sands and cbys, sometimes 
variegated in colours, among which are masses of iron ore, com- 
monly o'oUiic. The remains of shells seem lo give place here to 
ferruginous masses. 

3. These last deposits Seem to be wanting in other localities, in 
which we find, instead, great layers of limestone, more or less 
compact, sometimes white, sometimes cobured, which enclose 
hippuri'tes, sphenili'tes, and even nummuli'tes, which have been long 
regarded as belonging to the 

tertiary formation. We also 
find here a fossil which is 
very characteristic ; it was at 
first compared to the diceraa 
(fig. 106}, but is now call-i 
ed Chama ammonia {fig. I 
117). This species of shell, 1 
which is often very abundant, 
is always so imbedded in the 
mass of rock, where it is dis- 
tinguished by the sinuosities ^S- 11'-— CAo'mo ommo'nio. 
it forms, .that it is very difficult lo detach it entire, Various spe- 
cies of ammonites, gigantic hamites, s 
{fig. 118 — from the Greek, Krios, 
a ram, and Kerag, horn) and belem- 
nites. Th« trigo'niK, which are still 
met with and continued to the green- 
sand, present here new species {fig. 
1 19), which seem to be chaiactens- 

4. In the south of France and in 

the Pyrenees the chalk formation ji,. ii8."ircri'K»raiii^una'flt(. 

* LumBchelli. — an Italian word, formed (ram limacta, a. snail, vhich ia 
derived from the Latin, Umax. The word ia used to designate a mass 
fbnned of the remains of snails, &c. with Iheir nacre, united bf gluten — 
It ia also called conehjlian marble. 
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{Vi^v, of Hi«g,,) 

Fig. 119.— Tfi^e'nio a'lafai'mi: 
possesses peculiar characters, both in relation to the organic re- 
mains contained in it,- as well as its mineralogical relations. We 
there find a great many shells, very remarkable for their form and 
peculiar structure, which are called hippuri'les {Jigs. 120, 121), 
and spheruh'tes (Jig. 122). Many 
numnmli'tes (Jig. 123), of which some 
deposits are formed exclusively, are also 
met with. It is not determined pre- 
cisely to what pMt of the lower chalk 
these deposits should be referred, but 



Fig. 120.— Hipimri'le>hi(^culela. rig.m.—Hippuri'tt '>rga-m$a„». 

1 the south of France T 



THE WEALDEN DEPOSIT. 



(hey seem to represent a part of 
the ntocomian (oi ShankUn) for- 
mation. In the Pyrenees the lay- 
ers are often of a deep colour, 
and separated by argma'ceous 
schists, which seems lo make ' 
them a part of the transition for- 
mation ; hul, on the contrary, in 
the north part of the basin of 
the Gironde, they belong to the 
chalk. 

5. The neocoHiian, which ivas 
not at first distinguished from 
other paits of the chalk forma- 
tion, is now recognized in a 




greal 
Polai 



Fig. 123,— JVunwnali'Kt from the chalk. 
part of France, Switzerland, and different parts of Germany,- 
Poland, and even to the Crimea. Here and there deposits of gyp- 
sum of greater or less extent are met with, sometimes isolated, and 
sometimes associated with crystaUine rocks. 

6. The Wealden Deposit, — We frequently meet in the first 
deposits of the chalk formation the remains of organized bodies, 
which appear to belong to paludi'ns, clearly showing there was 
here and there an afflus of fresh water to those seas in which 
these remains accumulated. We also find in the same situatitms 
deposits of combustibles, which have always been known under 
the name of hgnite (from the Latin, Ugnum, wood), probably form- 
ed from con'ifers (as dicotyledons did not then exist), which 
were doubtlessly carried by rivers : such are those in th« environs 
rf Orthez, in the department of Landes ; of Bellesta and of 
Baiht-Girons, in the department of Ariege ; of Iran, in Guipuscoa 
(Spain), &c. But all these local deposits are nothing compared tp 
those which have long been described in England, in parts of ihe 
counties of Kent, Snney, and Sussex, under the name of weaid», 
from which is derived the tenn wealden formation. 



TO THE WEALDEN DEPOSIT. 

7. This formation is composed of alternate layers of limestone, 
sand, more or less femi'ginous, and clay, the deposits of which are 
sometimes extremely thick. There are entire beds of limestone 
composed of paludi'nEe, constituting what" is named Purbeck lime' 
atone. The laminie of argilla'ceous matter ace often covered by 
cy'dades and anodo'ntx, and we find disseminated a great number 
oir small cypris. "Chcre are many species of fresh water fishes, 
the remains of flnviaiile tortoises, mingled with marine and terres- 
trial saurians, among which is the monstrous i gumwdon, which 
must have bcenjhirty feet in length, lo judge from the size of its 

bones. In this fomialion are 
found also, in the dirt of the Isle 
of Portland, the sih'cified sterna 
of cyca'den; {f^. 124), standing 
erect in the midst of the earth, 
of which the deposit consists ; 
various species of con'ifers, equi- 
\ sita'ccs, and ferns are also met. 

,___ ___ The remains of birds of the order 

Fig. \M.—Mantc'Uia nidifo'Toiit. of gra'lleffi (waders)aIso exist, but 
no mammals, although we have seen them in the marls of the 
o'olite (^ga. 81, 82). 

8. It is believed that the clays in the environs of Boul<^e, 
which seem to be continuous with those of England on the south- 
ern eide of the Channel, may be refened to the wealden deposit, 
as well as those of Forges and of Savigny in the country of Bray, 
where paludine limestones hke those of Purbeck have been found. 
It is very certain, according to the observations of M. Leymerie, 
these deposits are connected with those in the department of Aube, 
and form part of the superior neocomian clays : if there are indi- 
cations of fresh water deposits, they prove the connection between 
the wealden formations and those of this epoch. 

9. According to Elnglish geologists, the wealden formatiMi is 
below the neocomian, and is, consequently, older and not precisely 
contemporaneous with it. 

10. Above the neocomian and wealden formations there is a 
gjoup of deposits generally termed Green Sand, consisting of two 
arena'ceous beds, with a parting of clay caJled gmilt. The green 
sand formation receives its name from the prevalence of small 
green particles of si'licate of iron distributed through the sand. It 
IS found in New Jersey. In England it is divided into lower green 
sand, gault, and upper green sand. This group consists of white 

7. What ia Piirbeck limeatone? 

8. What is tha citenl gf the Wealden formation ? 

9. Which deposit lies above, the Neocomian or Wealden T 

10. What is found next above the Wealden and Neocomian 1 From whU 
does green stmd obtain its uamsT How is it divided? 
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and yellowish sands, which are frequently femi'ginous, containing' 
masses of Umeslone, clays, and sandstones of more or less com- 
pactness : it also comprises the quadersandslein and plxner-kaik 
of German geologists, 

11. Gaidt is n stiff clay of a blue colour, and the inferior por- 
tion of it in England abounds in iron py'rites, while the upper port 
contains green particles of the si'hcale of iron. Various nodulea 
and concretions are found throughout, which are sometimes fossiii'- 
ferous, but more frequently obscure and d" doubtful origin. GaiUt 
is a provincial term, used originaJly in the middle of England to 
designate the brick-clay, which there belongs to the crela'ceoua 
system. 

12. Above the green sand formation, the calcareous part be- 
comes more abundant ; at first it is mixed with sandstone, and then, 
little \iY little, becomes isolated, and noiv contains only green pani- 
cles of si'licate of iron, which, from being at first very abundant, 
gradually disappear : this is the chloritic chnlk, which is some- 
times fnable, and at others sohd. The green particles having 
totally disappeared, the limestone is found alone, sometimes in form 
of pure cbaJk, of more or less solidity, and occasionally becomes 
very compact ; here we have argilla'ceous or arena'ceous limestone, 
and fin^y sands, or neariy pure sandstone. From these result the 

, chalk marl, or representatives of it. 

13. Organic remains 
are very abundant in 
these deposits, and in 
species and even in ge- 
nera are very distinct 
from those of the preced- 
ing foimations. Immedi- 
atSy above the wealden 
is a marly bed, charac- 
terized by the presence , 
of a species of Ex'ogy' I 
ra (Je. 125) five or ' 
sii inches in diameter, 
not known in the neo- 
comian. According to 
M . Leymerie, the nu'- 
cuta peclina'ia {R^. 

126) is a charactenstic /"ig-.ias.— Er'ogyro rinua'W. 

ehell of the gault or blue marl. Belonging to the green sand 

. 11. Wh&t IB gault T What is the origin of the name 7 

19. What aucceeda the green Hand fbrmationT What is chloritic chalk 1 

^bat is chalk marl ? 

13. What organic lemains are found in these deposits 7 



S2 FOSSILS. 



fbimation generally, the charactenstic shells axe tlie inoce'ramus 

conce'ntricui {Jig. 127), the pUcafttda placu'nea {Jig. 128}, sevo- 
Xal species of ammonites, and particularly the ammonUtS monxle 
{Jig. 129), which is quite characterislic. 



14. We find in the chalk marl the baadi'les (Jig. 1301, aod 
turrili'tes {Jig. 131), different species of the first of which ate 
found in the highest part of the chalk formaiion. To these may 
be added the icaphiUi {Jig. 133), some particular species of 



ammonites {figs. 133, 134), the Hx'ogy'ra columba {Jig. 135), 
the O'strea carina'la ( fig. ISe), the tertbra'tida octo plica' la ( fig. 
187), which continue m the chalk. 



H. What nnimal remains are Ibund in the chalk m 



Fit. IM—.tnunflu rMtmat^iillt; 



Fit. 138.— O'ArMuHu'M. 



nr- i^S.—E^Bfy'ra (fhrnOa. Flf. 137.— TVritn' tutu gcf*>Ii»'lL 

JVu'cuIa (from the Latin, box, a nut) ia an inequilateral bivalTe shell; the 

' ' * ' ' IB many teeth lilie those of a comb : aereiaJ apeciei 



ixr;;' 



■t (from the Greek, teapht, i 
bered shell, Eomswhat rcHembling the i 

Ba'culittt (from the Latin, baeutum, a stick) is a molUlocular, atraight, 
or slighllf bent, and slighUy conical ^11 ; the chainberB are separated b; 
■epta, pierced bj a marginal siphuncle. 

Turrili'tei is a spiral, lurriculated, multilocorlar shell; the chambers are 
separated bj winding' septa, which have the si'phtincte in their disks : the 
aperture is round. This foeail must not be confounded with the TaTriUfUa, 
which ia a uniiaWc, found both recent and fbiisil. 

15. The Upper Chalk Formation. — In this we find chalk with 
and without flints. The layers of flint are frequently ahnoet the 
only indications of stratification afforded by the mass. Jt is fte- 
quently soft, and susceptible of solution or suspension, as in Spa- 
nish whiting, which contains an immense quantity of microscopic 
shells, belonging to the group of foTonunifera. In some cases it 
ia arena'ceous, and aometimes very compact. Although often 
white, we find it in stmie places coloured grey, yellow, ■ red, &x. i 

15. How is the upper chalk formation characleriied ? 



H 



UPPEH CHALK PORMATIONa 



sometinies it is o'olitic in characlei, and becomes almoat crystalline, 
even magnealan, and in localities remote fiotn crystaUine materials 
which might affect it. The inferior part of this fonnation is fre- 
quently soiled with clays — chalk marl. Above il is more pure, 
and c<ailains a great many nodules of flint or stlex. Though this 
character is very conmuHi, it is wanting in a great many places. At 
its upper part the chalk formation becomes very sandy, as in the 
neighbourhood of Maestricht. 

16. Excepting the he'culites found at Maestricht, the remains 
of cephalo^ods are not found in the upper creia'ceous formation ; 
but belemni'ies (from the Greek, belem'non, a dart) of particular 
species, such ss Jig. 138, and many other organic remains not 



Fig. 138.— BcIflnni'tM mnernw'lu*. 
met with in the chalk mar), are found : among them are the pla- 
gio'ttomaxpinffaum^jig. 139); the o'afreaj'ejicw/o'ri»{^|', 140); 



fig. 139.— FioyioXomo tpin^tan. Ftg. 140.— ffrtrm teneyia'Tit. 

the Ca'tyhts Cuvieri {Jig. 141), the structure of which is fibrous ; 
the Terebra'ttila Defrtindi {Jig. 143); the ana'nchytes ovdlu* 
(Jig. 143); the Spaltaigua air-mi' gninum (Jig. 144). 



Fig. 141— CoVyliu Cunm. 



IS. What orf uiic remains tie foniul in the chalk fomiBtion 1 



UPPER CHALK FORMATIONS. 



Fig. 144. — iS^(«figa» cor^a guinunt. 
17. In the upper part of these deposits we find, among many 
other fossils, an enormous saurian, called the Mosasaurus (from the 
name of the river Meuse, and the Greek, aauros, lizard), originally 
found on the banks of the Meuse, in the celebrated quarries of St. 
Peter's Mount, near Maestricht Uig. 146). Organic remains of a 
Mosasaurus have been found in New Jersey. 



Fig. 145— Head of tM Jtatataunit nf MalttrieU. 
" ThH MosBsanrua is a. gema datermined from a fossil diacoyered apwuds 
of nity years ago, and which at that time was eitremely puratine lo natu- 
ralisti. It« true place ia the animal kingdom is now known to be amoof 
tbe Lieertian Saurians ; but the ani mal appears to have been perraclly ina- 
rino ID ila hahits. The head, the only part at first diBcovered, meanurad 

7. Where is the Mosasaurus found T Froia what is ita name derived T 



n 
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^or feet in length, and is preserred in the museum at Paris. Other puts 
have also been found from time to time in the Maestricht quarries, and some 
frrngmests in the chalk of the south of England.*' Anated, 

The whole length of the animal was probably not less than twenty-four 
feet, a magnitude which must be compared with that of the lizards of the 
present day, and not with the crocodilians, whose structure is totally dif^ 
ferent 

18. We also find in the chalk formation ceta'ceous mammals, 
which are classed among the lamantins and dolphins. 

19. The Cretaceous Group prevails extensively in England 
and on the continent of Europe. True white chalk exists not 
<mly in En^and, but also in France, in Dermiark, in Poland, in 
central Russia, and in the Caucasus. Semicrystalline rocks of the 
creta'ceous epoch also exist in the central plains of Asia Minor. 
Beds of the creta'ceous period are found in New Jersey, and other 
parts of the United States ; but they rest on the oldest secondary 
rocks, T\athout the intervention of the o'olite. The formaticm is 
extremely calcareous, in places chiefly arenaceous, but no true 
chalk has yet been discovered in America ; nor has o'olite been 
found. Fossils, apparently creta'ceous, have been recently obtained 
from south-eastern India. 

^ This brings us up to the close of the secondary formation. As 
far as we have studied our subject, we find the earth's crust to con- 
sist of a series of formations, as represented iu the following dia- 
gram {Jig. 146). 



Secondary. 



Chalk with Knta. 
Chalk without flinte. 
Chalk marl. 
6re«n nandci. 



y Cretaceous System. 



Wealden. 

O'olitie Sygtem. 
IJassic System. 



Upper new red sandstone, or Triassic System. 
Lower new red sandstone, or Permian System. 
Carboiitferons System. 



Transition. 



Melamorphic 



Plutonic Rocks. 



Old red sandstone. 

f Devonian Sysjem. 
Silurian System. 



i 
{ 



Cambrian System. 
Argillaceous Schist. 
Mica Schist. 

Gneiss. j^ 

Granite. 



Fig. 146. 



18. What mainmals are found in the chalk formation ? 
. 19. What is the extent of the creta'ceous ^oup 7 Has chalk been fimnd 
in the creta'ceous formation of the United States ? 



SEVENTH GEOLOGICAL EPOCH. Tt 



The study of the creta'ceous rocks brings us, as it were, to the 
termination of that period in the history of the earth's structure to 
which the character of antiquity belongs. In the succeeding 
period, we shall find all the fossils are either resemblances or types 
of existing (organic creatures. 



I^ESSON y. 

8rfenth Geological Epoch. —7>r/iary Formaiwn — JSocene 
beds — Paris Basin — Fossils — Anophthefrium — Paleothefrium 
— Miocene beds — Dinothe'rium — Lignites — Pliocene beds^-^ 
Fossils — Bone Caverns. 

Superficial Deposits, — Drift — Diluvium — Meg€Uhe'riumr^ 
Boulder Formation — Mluviumn^BigBone Lick. 

Eighth Geological Epoch. — Modem Formation. 

SEVENTH GEOLOGICAL EPOCH. 
Tertiary Formation. 

1. Ordinarily, geologists designate under the collective name of 
Secondary Formation, the long series of systems of rocks, com- 
mencing above the transition formation with old red sandstone and 
coal Uig' 146), and terminating above with the chalk ; and they 
give tne name of Tertiary Formation to those strata which are 
more tecent than the chalk, and consequently superior to it, but 
still more ancient than the strata of the present or modem epoch. 

2. During that period the seas were very much less extensive 
than they were in the more remote geological ages, and conse- 
quently the sedimentary deposits formed in those waters are of less 
extent and more isolated. Moreover, their formation was efiected 
at diflerent points of the globe, and at different periods, and to fol- 
low their history in chronological order, it is necessary to subdivide 
them into three groups. At the period contemporaneous with the 
deposit (rf each one of these series of formations, there existed 
particidar species of organized creatures, mingled with other spe- 
cies like the preceding or succeeding periods ; but the fauna of all 
the divisions of this period possesses certain commcm characters, 
and among the most remarkdble of these is the existence of a 
great number of mammals. 

I I. What is nnderstood by seeondary formation ? What is meant by ter- 
tiary formation ? 

2. How did the seas of the tertiary epoch differ from those of more re- 
mote geological ages 7 What is the most remarkable characteristic of the 
tertiary formation ? 

7* 
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8. The Twtiary ForiDation is divided into the ^der, middle, and 
BBwer tertiary groups, which hare heen conveniently designated 
by Mr. Lyell under the names o{ Eocene, Miocene, and Pliocene. 

The first. Eocene (frcMn the Greek, eds, dawn, and kainos^ 
recent), designates the older tertiary stratct, in which there appears, 
as it were, the first dawn of existing species. 

The second, Miocene (from the Greek, meidn, less, and kainos, 
recent), is applied to the middle tertiary strata, because in them we 
find more recent species than in the preceding group, but still 
fewer recent than extinct species. 

The third. Pliocene (from the Greek, pleiim., more, and kedno^n 
recent), is given to the newer tertiary beds, because there is always 
a greater number of recent than d extinct species found in them. 

4. The Eocene, or older iertiaries, — ^The beds thus designated 
are a very variable series, ccmsisting, in England and Belgium, of 
stiff clays alternating with sand, and resting on coarse sand and 
gravel ; and, in Pans, of a number of limestones and maris, alter- 
nating with gypsum and silicious strata. They are deposited in 
basin-shaped depressions in the older rocks, and in England some 
portion of them has been so greatly disturbed, that the beds are 
actually vertical. 

5. The older tertiaries of England are chiefly confined to three 
masses, contained in trough-shaped basins, called respectively, the 

. LondcHi, the Hampshire, and Isle of Wight basins ; a stiff clay 
pred(»ninates in them, and, from beinff very abundant near Lon- 
don, is known as the ^^ London clay. The London clay often, 
but not always, rests on a series oi sandy and gravelly beds, in- 
dosing bands of potters' clay, to which the name of Plastic clay 
has been given. 

6. The greatest development of eocene strata in the United 
States occurs in Virginia, North and South Carolina, Georgia, and 
Alabama. In Virginia these beds consist of greenish sands, nearly 
identical in appearance with a portion of the creta'ceous series, and 
of the same mineral composition ; and a fittle f\irther to the south 
a continuous formation of white hmestone ("Santee Hmestone") 
occurs, which is of no great thickness, and which varies in hard- 
ness, and is composed of comminuted shells, but so closely resem- 
bling certain creta'ceous beds of the secondary period in New Jer- 
sey, as to have been frequently mistaken for them. But this 
resemblance does not extend to the fossil contents of the beds, 

3. How is the tertiary period divided? What is meant by Eocene? 
What by Miocene ? What by Pliocene ? 

4. What are the characters of the Eocene beds? How are they de- 
posited? 

. 5. What are the chief localities of Eocene beds in England ? What is 
London day ? 
6. In what parts of the United States do Eocene strata exist? 
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which are in many instances anal(^ous, or the same as those of 
the eocene formations in other parts of the world. 

7. The geological position of the city of Paris resembles that 
of London, each being situated upon an extensive and important 
group of tertiary strata, which occupies a depression or basin in 
me underlying chalk. The nature of the two deposits is, how- 
ever, totally dmSerent, the deposit being characterized in England 
by great accumulations of argillaceous matter, which form the 
London clay, while in the neighbourhood of Paris there is a varied 
series of limestones and marls, alternating with important beds of 
gypsum and «iUcious matter. 

8. The depression in the chalk forming the celebrated Paris 
basin so frequently named by geologists, which is filled up by these 
strata, is nearly one hundred and eighty miles in its greatest length, 
and about half that in breadth. The surface of the chalk is usually 
covered by broken and rolled flints, often cemented by a sihcious 
sand into a kind c^ brewia^ and these flints seem to mark the 
action of the sea upon reefs of chalk before the commencement of 
the tertiary epoch. 

The order of stratification of the Paris basin is represented in 
the following table. 

8. Upper marine sands. 7. Upper fresh water sands. 



■y f 



€. Green marls. 
5. Gypsum. 



A j Calcaire siliceux, or « j Calcaire grossier, or 

• \ Fresh water limestone. ' f Marine limestone. 

2. Plastic day. 
1. Chalk. 

9. Above the chcdk we find, first, deposits of plastic clay^ so 
c^d because varieties of it are well suited for tne manufacture 
df pottery. In the neighbourhood of Montereau on one side, be- 
tween Hpudan and Dreux on the other, it is remarkable for its 
whiteness and purity, and is used in the fabrication of the finest 
porcelain. Around Paris it is coloured and impure, and suitable 
only for coarse pottery. These clays contain lignite, in which we 
see, perhaps for the first time, mingled with numerous co'nifers, 
phanero'gamous monocotyledons, true palms, and some dicoty'le^ 
dons. Marine, as well as fresh water shells, are found in its upper 
part. • 

7. In what respects does the geological position of Paris differ from that 
of London. 

8. What is the extent of the Paris hasin ? 

9. What lies next above the chalk in the Paris basin 7 What Are the 
diaracters of plastic clay ? To what uses is it applied 7 
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10. Above the plastic clay 
we find thick deposits of marine 
limestones, more or less arena- 
ceous in structure, the difierent 
beds of which may be easily 
distinguished by their chamcteis. 
These limestones contain a pro- 
digious quantity of mil'liolilet 
(Jig. 147) — extremely small 



4) 



Fig. 147.— Jtfil'liolito (grtally mag. 

nifitd). 
shells — the most ctf which do 
not attain .0393? of an inch in 
size, and yet they constilute a 
great number of genera. These 
serve, in a manner, as paste to 
an immense number of shells 
of different genera, which are 
more analc^us to creatures now 
living than any we have hithe> 
to mentioned : three per cent, 
of them are even identical with 
species now existing in the 
neighbouring seas. The cerithia 
are here so abundant that the 
formation is sometimes known 
by the name of cerithia lime- 
stone, although these same fos- 
sils are founcTin many other de- 
posits. There are certain spe- 
cies which are characteristic,— 
that is, they are always found 
wherever these deposits exist : 
such, for example, is the Ceti'- 
thium gigafnleum {Jig. 148), 

10. Wh&t lies above the ptsatic cla7? Wh&t are ininiotitei ? What 
proportion of fossil shells tbund in eocene strabl roembte living BpeciaT 
Wh&t IB Cerithia limestone 7 
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sometimes twenty-seven inches in length, the extremity of which 

is ahnost always worn or broken by the friction and knocks occa- 

riwied by the movement of the animal. Among other shells, (tf 

which there are a great many species, it ia difficult to name any 

which are abealutely characteristic ; among the r 

the TuTTUe'Ua imbrica- 

Mria (/^. 149); the 

ampulla'na acuta (fig- 

ISOj; the terebe'Uum 

fuaifo-rme (^g. 161); 

the wii(ro »c(Ara (fig- 

152); the crasaaieiia stUca'ta (fig. 153); ihc car'dmm porulv'svm 



Fig. lis.— Turiite'lla imbrieata-ria. 



Fig. 150— ilmpttlld'Ha 

(fig. 154). With 

ihese species are 

foimd a great many 

Others, which have i 

been described and 

figured in a great 

many books on the ^g- 153,— Cra»»o(e'Ha nUa'la. 

environs of Paris ; there are species which are much mo! 




r- ISi.—Cat'diilm pimdo'ii 
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moa than tlutee named, but some of them are not found every- 
where, and others are seen first in the superior formations. 

11. Above the marine limestone, or rather parallel with it, we 
find what is named fresh-water or silicious limestone, so called be- 
cause there is mingled in it a considerable quantity of silex, some- 
times uniformly disseminated, and at others forming here and there 
more or less voluminous masses {Jig. 155), which constitute the mill' 

Millrtone. 




Fig, 155. — Fresh-iMiter UmesUAiej tDith masses of millstone without shells, 

stone without shells, v^hich. is wrought into millstones. Fluviatile shells 
are found in the lower parts of this bed, such as lymnea and planorbis. 
12. The next group in the general series of Paris basin rocks 
consists of white and green marls, with a considerable quantity of 
gypsum, the latter being chiefly developed in the centre of the 
basin. The upper parts both of the marine and fresh-water lime- 
stone alternate occasionally with marls ; but the latter form, on the 
whole, a distinct overlying group of fresh-water origin, and contain 
land and fluviatile shells, fragments of wood, and great numbers 
of the bones of fresh-water fehes, of crocodiles, and other reptiles, 
of birds, and even of quadrupeds, the latter being usually isolated 
and often entire. The gypsum beds having been extensively 
quarried for the manufacture of "plaster of Paris" (obtained by 
burning the gypsum), they have yielded a multitude of these 
mammalian remains, whicn formea the base of the great dis- 
coveries of Cuvier — so that the investigation of them by that 
anatomist may even be considered to have laid the foundation of 
the science of Psdaeonto'logy, so far as it is dependent on sound 
principles of analogy. It is chiefly in the lower parts of the 
gypsimi that these extinct quadrupeds are found. Such, for ex- 
ample, are the anoph' 
thefrium and paleo' 
thefrium, pachyder- 
matous animals, more 
or less approaching to 
the rhinoceros and ta- 
pir, of which there 
were several species. 
The common anoplo^ 
FigA5^, — Skeleton of the AnopLothe'riumcommunk, the'rium {Jig* 156r^ 

11. What is the position of the fresh- water limestone of the Paris basin? 

12. What is found next above the limestones of the Paris basins ? What 
is {^stcr of Paris? What fiMssils are found in the gypsum ? What is tho 
Anoplothe'rium ? 
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from the Greek, a, without, opbn, arm, and therioh, animal), was 
of the size of an ass, of a heavy fonn, and with thick short legs 
. and a long tail ; some species haA slender legs, and must have been 
swiA and active ; and others of the size of a haie, and even of a 
guinea-pig, which were nevertheless aduit. 

13. The paltothtfrium {fig. 157 — from the Greek, palmoa, 
ancient, and therion, a. beast), was of the size of a horse, and fonn 
of a tapir ; species of various size, both la^e and small, existed. 



Fig. 157. — SktUUia of Iht Paltaiht'iium magnam. 
14. Above the gypsum we find another more modem group, 
consisting of two termalions, one marine and the other fresh-waler. 
They are composed of maj-Es, mica'ceous and quartzose sands, and 
layers of flint. These beds of sand are often of great thickness, 
and are at first coloured by oxide of iron, and then while and pure : 
they frequently form masses of sandstone, sometimes without or- 
ganic remains, or only rolled shells of the marine Umestone ; some- 
times, on the contrary, they contain the casts or impressions of 
sheila. On these sandstones repose new lacu'strine deposits, form- 
ing sometimes theli millstone, filled ivith lymnex {Jig. 158), 
pumo'rbia {fig, 159), and seeds o{chara,ac gyro'gonites {Jig. 160), 




Fig.lSO. — Chara medu 
Fig. ISS.—Lymnea Fig. lS%.—Plaaa'rbit cage'nuia r- Igriatly 

langitca'ta. cvom'pkalut. tnagn^ed.) 

15. The Miocene, or middle tertiary period. — During this 
second part of the tertiary period both terrestrial and aquatic ani- 
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meJs became more numerous, and more like those of our own 
times ; then there existed a great number of mollusks, belonging to 
species which still inhabit the seas of the present epoch. 

16. In England the miocene tertiary is represented by a thin 
and variable neap of gravelly stmta, called the " crs^ fcmxiation," 
which is divided into three parts. The lowest is called coralline 
erag, because a great many coral remains are found in it ; the 
next is the red crag, distinguished by its deep ferru'ginous stain ; 
the uppermost is named Norwich, or niarnrnali'ferous crag, which 
is of more recent origin than the red crag, and contains bones of 
large mammals, and occasionally fresh-water shells. 

17. An extensive series of miocene beds occupies the whole 
sur&ce of both shores of the Chesapeake Bay, a hundred miles 
north and south, and fifty miles wide. A sinmar series occurs in 
Virginia. The lowest beds of the Chesapeake series are argilla- 
ceous, and the uppermost are sandy ; both series abound in fossils, 
and when met on the side of a river they are sometimes found to 
consist of httle else than shells and the remains of zo'ophytes, often 
in a high state of preservation. 

18. The miocene tertiaries prevail extensively on the continent 
of Europe ia various river basins. They occupy a considemble 
portion of the west of France, filling up the basins of the Loire 
and Garonne ; they fill up also a great part of the valley of the 
middle Rhine, and the whole of the great valley of Switzerland, 
between the Alps and the Jura chain ; and from Switzerland they 
extend towards the north-east, following the course and partly fill- 
ing up the valley of the Danube. From point to point they may 
here be traced spreading out into extensive series near Vienna, and 
in Styria, and occurring again in the plains of Hungary ; they are 
also found in Poland and Russia ; they appear both m northern 
and southern Italy, and on the shores and islands of the Mediterra- 
nean. 

19. The miocene beds of the basin of the Loire are chiefly de- 
veloped near the city of Tours, and in the Touraine district, where 
they consist for the most part of broken shells ; these beds, how- 
ever, sometimes afford a building stone, the comminuted shells 
being mixed with sand and gravel, and cemented by calcareous 
matter. In Switzerland there is a series of tertiary sandstones of 
the miocene period ; and between the lakes of Geneva and Lu- 

* 

15. What is remarked of tlie miocene period, as respects animals ? 

16. How are the miocene beds represented in England ? What is coral- 
line crag ? What is red crag ? What is Norwich crag ? 

17. In what part of the United States do we find examples of miocene 
beds? 

18. Where do we find miocene beds in Europe ? 

19. What is the nature of the miocene beds in Switzerland ? What is 
molassc ? 
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.ceroe ihese beds consist of a coarse conElomeiate, called " nagel- 
fluhe," passing into a finer sandstone (the "molasse" of French 
geologists), which is usua^y soft and incoherent, but sometimes 
.sufficiently hard to be used as a. building stone. Various beds d 
ligiiile and marl are irregTilarly distributed through the molasse, 
which are evidently of fresh-waler origin. 

20. The marine deposits of the miocene strata, although abound- 
ing in shells, do not coiitain as great a number of species as the 
jnarine limestone of the Paris basin; yet, eighteen per cent, of 
these species are identical with those now living in the neighbour* 
ing seas. There is often the strongest analogy between these new 
deposits and the lower limestones, with wnich they have been 
confounded ; yet, if we do frequently observe a common aspect, 
«nd often find the same shells in botn, there is, nevertheless, es- 
sential ditTerences between them. In one case, we no longer find 
species characteristic of the lower deposits ; there is no ceri'thium 
gigafnteum, no cafdium porulo'mm, &c. : in the other, we find 
new remains which we did not meet with before, such as the 
Baldnm craSus {Jig. 161), the EosteUa'riajjespelica'ni {Jig. 162), 
the Pe'clen pleuron^ctes {Jig, 163), &c., which are never foimd in 
the Paris basin, but exist m the subapennine formation. 



# 
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21. The strata belonging to this period of the tertiary formation 
contain divers species of paleothe'rium, but differing from those 
found in the Paris gypsum. Here we also find several other species 
of animals, which constitute genera, no trace of which is met with 
in the preceding formation, and which totally disappear in the suC' 
-ceeding epoch. Here we find the remains of mkstodons (from 
the Greek, mastos, a nipple, and odous, tooth), animals analogous 



bones of monkeys. — 
Remains of the rhi- 
noceros, of the hippo- 
po'lamus, and of the 
castor are also found 
in these deposits. 

"The Dinolhe'rium is 
tlie laigeat of the terres- 
trial nnnnmnlU of whose 
eiislence we have an; 
poulive knowledge, but 
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to the elephant, hut whose teeth (_/?«■, 
164) have crowns studded with conical 
or nipple-ljlce points, instead of being 
flat. On the miocene beds we also 
find the gigantic Dinotherium (from 
the Greek, dino», circular, and tkerion, 
a beast), an animal resembhog the tapir, 
which is remarkable by having the 
tusks turned downwards (J'g- 165). 
It was first found in Hesse, afterwards 
ifaoM'sfo- near Audi by M. Laitet, who sub- 
sequently found in the same place the 



absolute certainty at pee. 
■enl of what nature its ex. 



re hirdly in a condition to speiik ven 

It is chiefly known by the 

which exhibit a near approach, tho foi 







Fig. 1 65. — LotBtr jaw and twik of 

thi Dinolkirium giga'nltvm. 
■ decidedly of its general appearance 
'fragments of the head and teeth, 
mcr to the cela'cean tiibe, and the 
latter to the tapir ; but there is a remarkable and very striking anomaly in 
the eiiatence of two large and heavy tueka placed at the extremity of the 
lower jaw, and carved downwards like the tusks in the upper jaw of the 
walrus. It is probable, from the size and position of these tusks, as well 
BB fVoHi the structure of [he bones of the head, that the animal was aquatic 
in its habits, living almost entirely in the water, and feeding on such saccu. 
lent plants as it could there obtain. 

" The length of the Dinolhe'rium is calculated to have been at least aa 
much as eighteen leet, and its proportions were, probably, very much the 
same as those of (he Ifreat American tapir. It was provided with a trunk, 
which seems to have been short, but extremely large and powerful, and 
capable of being employed to tear up the food which (be tosks, acting like 
pickdxes, may have loosened." Aniltd. 

22. The miocene is very rich in combustible material ; to it 

belong the Ugnttes of Languedoc, of Provence, Switzerland, and 
most of those of Germany — as well as the masses of earthy com- 



■e found in tiieie bi 
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bustible in the neighbourhood of Cologne. All these hgrntes 
appear to hare been formed chiefly from con'ifers, the structme of 
which {fig. lt>6) may be recognised in thu mass of combustible 
itself, OT in the wood disseminated through various deposits. 



Fig. 166.— SJraeture 0/ At leaod 0/ em'iftT*. 

a. Part of B. t»nevei8e Bection of tiBtural size. 

b. Fart of the same section seen under a microscape. 

e. Longitudinal section, in the dirBction from B to C, alao magnified. 
d. Section in the directioa Train A to B. 

23. But the tertiary sandstones of the miocene period (the mo- 
Usse) also contain a ereat quantity of dicotyledonous plants, the 
wood of which is here' and there found disseminated, sometimes in 
a sibcious state, and clearly exhibiting the proper tissue or struc' 
lure of this class of plants ( /ig. Im), particularly characterized 
by the presence of la^ longitudinal vessels. We also find leavesi 



Fig. 167.— Stnirture 0/ the wood of dicoltfltdoju. 
m. Part of a transverse lection of natural aiie. 
b. Fart of the wme section, seeo onder the microscope, showing the large 



Sa, What is li((nitBl From what lamily of plants were these li^iles 
probably formed 1 How it this SuoUy of plants reco^iaed T 
33. What description of plants euet in the lertiarj saudslooe of llw 
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le hgnites, 
ratters of 

istinctly re- 
ingdicoty'- 
aswaJnuts, 
■s, birches, 
168, 169). 
are found 
listinguish- 
1 difficvilty, 
low grow- 
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tudinaUy arranged, without regard Fig. ilO.—Sirvciute of iki mood 
to regularity, in the middle of eel- "/ p"'u». 

iliilar tissue, as seen {fif^. 
1 170). Leaves like the 
representation {Jig. 171) 
are also met with. We 
find, loo, in the miocene 
^ gypsum of the same na- 
/ lure as that of the Paris 
I basin, which has led to 
the supposition that they 
were of the same epoch.; 
but besides this section of 
country being formed rf 
the " molflsse," the or- 
I nanic remains are not of' 
I the same species. 

Towaids the cloae of Uia 
miocene, or aecond opoch of 

ecognise the previous existence of niouocoly'ledonous 
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the tertiary period, & new upheaval appears to have taken place in the 
region of the Alps. A part of this complicated chain of mountains had 
then long existed. Thus the Alps of Provence and of Dauphiny, which 
belong to a system of which Mont-Viso is the most remarkable point, date 
from the interval elapsed between the deposit of the inferior and upper lay- 
ers of the creta'ceous system ; other portions of the Alpine region Were 
raised up at the same time as the Pyrenees, that is, after the creta'ceoiis 
period ; for example, the neigli hour hood of Castel-Gomberts, and in the 
mountains which connect the Alps to the Jura, we perceive traces of an 
upheaval contemporaneous with that of Corsica, which occurred afler the 
deposit of the eocene, or first period of the tertiary formation ; but the 
greater part of this majestic barrier between Italy and the north seems to 
have acquired its present configuration, and to have attained the immense 
height we now observe, in more recent times. The chain of the western 
Alps appears to have been upheaved afler the deposit of the miocene or 
second series of the tertiary ; and the chain extending from Valais towards 
Aiistria appears to be of still more recent origin. 

Dating from the geological convulsion which gave to the western Alps 
their existing prominence, and at different points produced the elevation of 
the " molasse," and other tertiary strata of the miocene period, as well as 
those of more ancient epochs, Europe presented a great continental sfl^ce ; 
and during the period of tranquillity which followed this catastrophe, marine 
deposits did not take place except on the shores or in gulfs not fiir from the 
centre of this region, as in the subapennine hills, in some parts of Sicily, and 
on a portion of the coast of England ; but sedimentary deposits occurred 
in the basins or valleys of still existing rivers, and in some lakes of fresh 
water which a more recent geological revolution has caused to disappear. 

25. The Pliocene, or newer tertiary, — ^In Europe the pliocene 
is chiefly represented in south Italy, in the Morea, and in the isl- 
ands of the eastern archipelago ; and important contemporaneous 
beds exist in the valley of the lower Rhine, near Bonn, and a por- 
tion of central France, as well as in southern Russia. 

26. The pHocene beds are not all, however, of the same age, 
and the beds so called must have been in the course of formation 
for a very long period. Those of Italy admit of being subdivided 
into two groups, the older of which is called the sub-apennine, and 
attains a great thickness near Parma, exhibiting a considerable 
number and variety of fossils. These beds consist for the most 
part of greyish, brown, or blue marls, containing calcareous mat- 
ter, and overlaid by thick sandy beds. The Sicilian beds are dis- 
tinctly newer than these, and are equally extensive. Mark, with 
occasional Umestone, form the great mass of the materials of these 
strata. Like the subapennines they are richly fossiU'ferous, but 
are chiefly characterized by their shells. A fresh-water bed of 
the newer period is found at CEningen, on the lake of Constance, 
and contains numerous remains of fishes, and some fragments of 
land animals. 

27. From the eocene, ot deposits of the Paris basin, there is a 

25. In what parts of Europe are the pliocene beds represented ? 

26. Are all pliocene beds of the same age ? What is the character of the 
Sicilian beds ? 

8* 
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progressive increase in the munber or proportion of recent species 
found : in the Paris basin three per cent, of the fossil shells aie 
analogous to the shells now existing ; in the miocene, eighteen per 
cent., and in the pUocene fifty per cent, of the foapil shells resem- 
ble existing secies. There is scarcely any analogy between the 
shells of the Paris basin limestone and those of the eubapennine 
hills. Besides the Btdanus crasua {fig. 161), and the JiostelU- 
ria pespeliea'ni {fig- 162), we may cite the Fleurc/toma rot&ta 
(fig. 173), the Buc'cinum prisma'timm {fig. 173), the VolWta 
Lambe'rti {fig. 174), &c., and almost all the snells of the Mediter- 
ranean. 



:oeeindtaidri. 

The deposits alluded to ulao contain masses of lignites, which arc advan- 
tsgeouel; worked in different localities. Some offer regular layem of a sort 
of compact coal (brown coal), aceompanied by freah-vater aheltg, indicating 
a tranquil deposit in lakes; but the greatest number contain onlj irregular 
maases of wood, Bome of which present the texture of the con'ifcrs. A 
great number of leaves, analogous to those of eiisling- dieotj'ledona, ara 
a] BO found. 

n the eocene, miocene, and plio- 
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38. The pliocene beds of the United States seem to belong 
chiefly to a very modem period ; they exist to a great extent in 
several localities. At the mouth of the Potomac, in Maryland, is 
a series oif clay be.ds, alternating occasionally with sand. All the 
fossils found in these beds are identical with those species found 
hving on the neighbouring sea-coast, a positive indication of the 
newness of these beds. Similar beds exist at Niagara and in 
Kentucky, and in other parts of North America ; in all cases the 
recent deposits are very striking. 

29. While these lacu'strine deposits were tranquilly fonning be- 
neath the waters, the then uncovered surface of the earth was in- 
habited by hyenas, cavern bears, hairy elephants, ma'stodons, rhi- 
noceroses, hippopo'tami and other animals belonging to genera still 
in existence, but the species of which are now lost ; they appear 
to have been destroyed in the geological revolution which raised 
up the principal chain of the Alps, and gave to these mountains 
their present configuration, and its present shape to the European 
continent. It is probable, too, that the same revolution destroyed 
the multitude of animals whose bones are found at the bottom of 
certain caverns or fissures in the rocks, where they are buried in a. 
sort of calcareous cement, ordinarily of a reddish colour. 

30. Bone Caverns. — ^The most ancient caverns, celebrated for 
the remains of mammals which they contain, are those of Harz 
and of Franconia ; but since Dr- Buckland has shown the pro- 
priety of removing the mud, sands, rolled flints, stak'gmites, &c.,^ 
which often cover the bone collections, these remains have been 
found everywhere, even in places where they had not been pre- 
riously supposed to exist. 

31. Most of these jcavems appear to have had one or more 
lateral openings, affording easy entrance to the animals that fre- 
quented them, as places of refuge, to devour their prey> and finally 
tney came to them to die. Here their bones accumulated througn 
a great many generations, and we now find them buried in a dark 
earth, in or on which we recognise their dejections. Often we 
find among the bones of a certain genus of animals other bones, 
having upon them the print of teeth, showing they had been the 
prey of the first. The greater nimiber of these bones belong to 
the bear tribe, two species of which were larger than any now 
existing ; or to the hyena tribe, also larger than those now known. 
Sometimes one, and sometimes the other of these genera predomi- 
nates ; a species of wolf abounds in the bear caverns of Gralenreuth 
in Franconia : other carni'vora, of the genus dog, and those of the 
genus cat, including species of cougars, are everywhere in small: 

28. In what parts of the ifnited States do pliocene beds exist 7 

29. What kind of animab inhabited the land while thrmJigiiVtriM de* 
posits were being formed 7 , ><\B ^ ^ /rv" 

. 30. What are bone caverns? ^^ ^ o» r > \ 

31. Wiiat are the features of bone caverns 7 *t ^j ki j ' - j^'^f ^ 
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nurabets. The remains of rodents, of ruminants, eiso of large 
pachyderms and of birds, which have been dragged as prey to 
these resorts, are also found. 

Superficial Deposits. 

" The regalarly rtratified deposita, of whaleier geological period tbej 
may be, are in moat parts of the watld covered up, more or leu, by a con- 
■idcrable maas of heterogeneoUB material derived from the degradation of 
(he more ancient rocka. Thia maac i> generally UDBtralified, and depoailed 
in irregular heaps, pailiallj filling up valleyi, covering low tract* of level 
country, and ^ometin^ea even capping low hilla, but almost alwaya bearing 
maike of having been transported from a distance over rangea of high 
land, although not nithout some reference to the preaent phyaical features 
of the country over which it haa travelled. 

"Occasionally the fragments which have been thns conveyed are of large 
■Ue and angular, and in thia case Ihey arc called "boulders," or "erratic 
blocks ,-" but such maseeB have not generally travelled lo any very con- 
siderable diHtance from the parent rock. The transported fragments are 
much more commonly of small size, and rounded, as if by mutual attrition, 
at the bottom of the aes ; nnd in this state they have been often carried to 
very great diatancea, and are found many hundred miles from the place 
whence tliey sccra to have been derived. They are then called 'gravel,' 
and are Dot nnOequcntly mingled with bonea and fragments of bonea of 
large quadrupeds," Anilrd. 

32. These superficial deposits ate termed Drift, and comprise 
deposits of water-worn, transported materials, consisting of gravel, 
bouldeis, sand, clay, &c. 

33. Drift is divided into Dilu'vium, or ancient drift, and Allu'- 
viuM (from the Latin, alho, I wash upon), or modem drift. 

34. The DiLu'viBK 
(formed from the Latin, 
diluo, I wash away) co- 
vets up the tertiary depo- 
sits, and contains fossils 
whose origin dates back 
to a period not very long 
antecedent to the present. 
In fccl the dilu'vium, lo 
' a certain extent, unites 

the tertiary with the re- 
cent period. It contains 
the bones of large mam- 
mals, both of extinct and 
' recent genera and spe- 
cies. Among them we 
may perhaps place the 
enormous megathe'rium 

Fig. n8.—Shletiin of the Mrgalht'rium. [Jig. 178 — from the 

33. What is meant by drift I 

33. How is drill divided ? What ia the difference between dilu'vium and 
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Greek, megas, great, and therion, beast), which was not less than 
eighteen feet long and nine feet high. The skeleton is analogous 
to that of animals of the order edentata. The thigh-bone in the 
megathe'rium is nearly three times as great as the largest known 
^ephant ; the bones of the instep and those of the foot are of cor- 
responding size, the heel-bone projects back nearly eighteen inches, 
and the small bones of the foot advanced as much forwards. The 
third toe is provided with a socket to receive a ckw, the sheath oi 
which measures thirteen inches in circumference, and the core on 
which the nail was attached is ten inches in length. The fore 
limbs were well adapted for grasping the trunk or larger branches 
of a tree. This animal was slow in its movements, and probably 
fed on roots, which its teeth were admirably adapted for grinding. 
35. Tb the diluvial drift are also referred the great collections 
of bones of the Icy ocean, on the coasts of Siberia and on the 
neighbouring islands : there a number of enormous animals, their, 
flesh preserved through thousands of years. He buried in sands. 
consoHdated by perpetual ice; in the same situations have been 
£Dund stags and horses, the elephant and rhinoceros, covered with 
hair, seemingly indicating that the species which then Hved in 
northern cliimtes were enabled to bear, from being clothed in fur, 
lower temperatures than those with naked skins which now inhabit 
southern Asia and Africa. The tusks of these elephants of the 
fmcient world are sought for the ivory they afford, and compete, in 
commerce, with those of modem elephants. 

It is perhaps to the diluVium we must refer those immense masses of 
rolled debris which contain gold, platina, and the diamond, in Brazil, in 
Africa, in India, and in the Oural mountains, as well as the arena'ceous 
veins of tin in Cornwall and Mexico. 

. 36. The Boulder ^Formation, or Erratic Block Formation, 
also, is regarded as a part of the diluvial drift. A great part of 
the plain of Switzeriand is covered at intervals by fragments of 
rock, measuring about a cubic yard, which strew the plain, and 
dot the sides of the Alpine ravines, and rise on the opposite side 
of the Jura range, even to an elevation of several thousand feet 
above the sea. The most concentrated distribution of these blocks 
seems to be near the town of Neuchatel, but similar masses are 
also found on the summit of the Mont Saleve, behind Geneva^ 
It is very remarkable that a belt of fragmentary masses (not few 
or small, but countless and gigantic), differing entirely in character 
from the formation on which they rest, should be found lying on a 
steep, almost precipitous slope of nearly bare or thinly -covered 
rock. .One of the blocks behind Neuchsttel, eight hundred and 
fifty feet above the lake, is of granite, and measures between fifty 

34. What is the position of diluvial drifl ? What is the megathe'rium ? 

35. What other fossils are referred to the diluvial drift 7 

36. What 19 the nature of the Boulder formation ? 
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and sixty feet in length, by twenty feet broad, and forty feet high, 
while between the Jura and the Alps blocks still larger are iu 
many places to be found — one, out of a great number together iii 
the canton of Berne, measuring 61,000 culric feet. 

37. Erratic blocks and gravel cover the plain of central Europe 
and the steppes of Russia. Ahnost the whole surface of North 
America, as far as it has been examined, has been found covered 
with gravel, pebbles, and boulders, varying greatly in thickness, 
and obviously of the same origin as similar deposits in Europe ; 
and a region which has been called the great Atlantic plain, ex- 
tending between the Alleghany mountains and the Atlantic ocean, 
together with the lower part of the great valley of the Missisippi, 
appear to* be the districts where it conceals the underlying deposits 
to the greatest depth. 

On the borders of Lakes Erie and Ontario there are very de- 
cided marks of the great drift which has elsewhere overspread 
North America, and the boulder formation, containing marine 
shells, extends into the valley of the St. Lawrence, as far down as 
Cluebec, and at a height of at least three hundred feet above the 
sea-level. Below Quebec there are large and far-transported boul- 
ders in beds, both above and below these marine shells, and 
wherever the contact of the drift with hard subjacent rocks is seen, 
these rocks are smoothed and furrowed on the surface, as they are 
in similar positions in northern Europe. 

38. Allu'vium, or Modern Drift. — ^In many parts of North 
America the valleys are filled up to a depth of twenty or thirty 
feet with unconsolidated beds of earth of various kinds, and the 
heteroge'neous mass contains in it abundant remains of large 
pachyde'rmatous animals, not now living in the country, but asso- 
ciated with, and overlaid by other and similar beds, in which occur 
the bones of buffiJoes, that have within a few years been driven 
westward by the advancing steps of civilized man. These beds 
all belong to the same geological period, or nearly so, and a descrip- 
tion of one will be sufficient to give an accurate notion of a multi- 
tude of similar bogs and soft meadows in many of the western 
states. The most remarkable is that known as the « Big Bone 
Lick" in Kentucky. 

39. The Big Bone Lick occupies the bottom of a boggy valley, 
kept wet by a number of salt springs, which rise over a surface ot 
several acres, and the substratum or the country is a fossiH'ferous 
Hmestone. At the Lick the valley is filled up to the depth of not 
less than thirty feet with beds of earth, the uppermost of which is 
a yellow clay, apparently the soil brought do^vn from the high 
grounds by rains and land floods. In this yellow earth, along the 

37. Where is the Boulder formation met with ? 

38. What is alluvium ? 

39. What are the characters of the Big Bone Lick of Kentucky ? 
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water-courses at various depths, the bones oi buf&loes and other 
modem Bnimals are often found quite entire. Beneath the clay is 
another layer of a different soil, bearing the appearance of having 
been formerly the bottom of a marsh. It is more gravelly, darker 
coloured, and softer than the other, and in it, or sometimes in a 
stratum of compact blue clay alternating with it, there are found 
innumerable bones of large mammals, chiefly ma'stodons, but in- 
cluding also elephants, and extinct species of aninmls of the ox 
and deer tribe. In other localities the ma'stodon bones are found 
immediately below the surface in reclaimed marshes, and they are 
sometimes extremely perfect, sometimes broken and water-worn. 
The Big Bone Lick would appear to have been resorted to, not 
cmly in modem times by the living races, but more anciently by 
animals now extinct, for the salt, and perhaps the food produced 
by the marsh. The buflido and bison are frequently known to 
pensh entrapped in these Hcks and swamps, and it seems evident 
that the ma'stodon and elephant of former times must, from their 
huge size and unwieldy forms, have been at least equally exposed 
to the same fate. Ansted^ Bogera, fyc, 

40. Up to the present time all geologists agree in saying that in 
the formations of this period, as well as in the most ancient rocks, 
neither human bones nor any vestige indicative of the existence of 
man on the face of the earth hsis been found, and it is, for this rea- 
son, probable that man had not yet been created at the time of the 
destmction of these animals. 

EIGHTH GEOLOGICAL EPOCH. 

Modem Formation. 

41. New formations' are now being made, either })y the effusion 
of igneous matter from the bowels of the earth, or by sediment 
from waters, and these formations, which are contemporaneous with 
man, constitute the modem formation. 

42. Since the last great catastrophe alluded to (the upheaval of 
the Alps), there has l^en a general repose, which perhaps will be 
disturbed one day by some new geological revolution ; by tne up- 
heaval of some great mountain chain, for example, and by the 
great rush of waters which must follow such a convulsion, new 
knds will rise from the bosom of the ocean, and probably enclose 
remains of the bony frame of man and of animals now existing, 
just as the ancient formations conceal the solid remains of creatures 
which preceded us on the 'earth. Even now we have proof that 
things must pass in the present time very nearly as they did in 

40. Are human bones found in a fossil state, in the formations thus far 
studied 7 What is the inference from the fact ? 

41. What is meant by modern formation ? 

42. Are human bones any where found in a fossil state ? 
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a^ km^ gone hy\ for in ceitain modern formations, which con- 
tinue to be fonned under our eyes, we find human skeletons im- 
bedded in the substance of the rock, and already presenting the 
characters of fossils of the tertiary period. One of the most re- 
.* markable examples of this kind has been discovered in the island 
of Guadaloupe. 

Thus far we have presented a sketch of the earth's structure as 
revealed to us by an examination of its crust, only in reference, 
'however, to the order of superposition of its formations, resulting 
from great geological convulsions, and characterized by the remains 
of animals found entombed in it. When we reflect on the incon- 
ceivable length of time it has evidently required to effect all these 
changes, and elevate one above another gigantic stories of various 
rocks, the imagination is startled ; when we see entire creations of 
plants and animals covering the surface of the earth, and inhabit- 
mg the waters, disappear after a time, leaving a few mutilated re- 
mains as the only trace of their existence, and give place to a new 
flora and a new population of animated creatures, destined to un- 
dergo in turn a similar fate, we are struck with astonishment, and 
overcome by admiration of the power of the Creator of things so 
grand and so beautiful. 



LESSON TI. 

Influence of internal agents on the surface of the earth. 

Earthquakes — Description — Effects of ^-Changes of level pro- 
. duced by — Upheaved and Subsidence — Constant level of seas — 

' Slow and progressive Subsidence — General conclusions. 

Volcanic Phenomena. — Explosion — Eruption — Island of Saint 
George-^Monte-Nuovo — Jorullo — Vesuvius — Definition of a 
Volcano — Submarine Eruptions — Volcan of Unafaska — Crater 
of elevation — Formation of Craters — Effects of upheaval — 
— Form of Volcanic Islands — Periods in the formation of a 
Volcano — Interior of Craters — Ktrauea-^ Solfataras — Volcanic 
Mashes — Lava Currents — Characters of Lavas — Dykes — Gas- 
eous Volcanic Products — Eruption of Mud — Solid products 
of Volcanoes — Trachyte — Obsidian — Compact Lavas — Po- 
rous Lavas, ^'C, 

1. We have spoken of formations and of their relative order of 
superposition, and occasionally alluded to the various causes which 
affect them. From what we have said it might be inferred that 
the several formations are so many concentric spheres, enveloping 

1. Why is it that tlie sur&ce of the globe is not entirely smooth, free 
from mountains and valleys ? 
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a massrof fire ; and such in fact might have been the case h^vk 
not been for certain disturbing forces which have &shioned the 
mountains and valleys, and caused the dry land to be lifted up 
above the vraters. Had it not been for these disturbing forcesy 
phenomena analogous to volcanoes and earthquakes, the whole 
globe would have remained under water, and man would not have 
been called into existence. But having seen the general structure 
of the interior of the earth, we will study the phenomena, the dis- 
turbing forces which modify its surface, laore particularly than we 
have yet done. 

These disturHng forces are either internal or external ^ first, of 
the Influence of internal agents on the surface of the 

EARTH. 

It has been already stated (page 12) that the centre of our earth 
is a mass of fire, to the influence of which many phenomena may 
be referred. 

' Earthquakes. 

2. Description of Earthquakes, — ^Every one has heard of the 
terrible scourge which in a moment reduces the most flourishing 
cities to a heap of ruins, and sometimes upturns the neighbouring 
country. An earthquake is often preceded by rumbling, subterra- 
neous sounds, which are frequently heard some time before the 
catastrophe. Tremblings more or less violent are perceived during 
a few minutes or seconds only, which in many instances are often 
repeated with more or less rapidity and force ; in certain cases 
they even continue, with irregular mtervals, during several dayTS, 
or months, or even entire years. These movements of the earth 
are of different kinds ; sometimes they consist of jerking horizc^i- 
tal oscillations, occurring at irregular intervals, sometimes of verti- 
cal shocks, that is, in rapid and successive rising and falling of the 
soil ; at other times of various twisting movements. Frequently 
all the various motions take place almost at the same moment, and 
then nothing can escape destruction. 

3. Sometimes an earthquake is circumscribed in narrow limits ; 
that which happened on the 2d of February, 1828, in the island 
of Ischia, was not felt either in the neighbouring islands or on the 
continent. Frequently, too, it shakes an immense surface: for 
example, the earthquake of the 17th June, 1826, in New Grenada, 
was felt over many thousand square leagues. Sometimes it extends 
enormous distances, as in the case of the famous earthquake of 
Lisbon, which was felt in Lapland in one direction, and Martinique 
in another ; and, transversely, from Greenland to Africa, where 

2. What are earthquakes 7 What is the nature of the motions produced 
by earthquakes 7 What is the duration of earthquakes ? 

3. What are the limits of earthquakes 7 

9 
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Morocco, Fez, and Mequinez were destiwed : all £unq)e expe- 
rienced ita efiects at the same moment. Fran the difierent histo- 
ries of eaithqimkea, many examples of this kind of propagation 
might be adduced, extending more or less widely. It may b 
■ ' ' - . r ,■ .. .1. . .1 . . ->nds8 



concluded, from statements of facts, that the shock extends accord- 
ing to a great circle, more or less inclined to the equator, and per- 
haps over an entire hemisphere, 

4. Effecii of Earthquaket. — ^Earthquakes, when violent, not 
only oveiturn entire cities, and the most sdidly built edifices, hut 
. they cause important modificalionrin the ground itself. Those of 
Caubria, in 17S3, furnish examples, which are the more important 
because the facls were olieerved by the moel distinguished men of 
the times, such as Vicenzio, physician to the king of Naples, Gri- 
maldi, Haimtlon, Dalomieu, &c., and also by a commission ap- 
pointed by the royal academy of Naples. All was overturned in 
this unhappy country ; the course of rivers waa interrupted and 
changed ; houses were raised above the level of the country, while 
others, frequently at no great distance, we're sunk down more or 
less ; edifices of great solidity were split from top to bottom ; cer- 
tain parts were raised above otters, and the foundations pushed up 
out of the ground. Every where the surface of the earth partly 
opened, often in long crevices, some of which were one hundred 
and fifty yards in breadth ; some of these were isolated, sometimes 
biiurcatea — frequently exhibiting other fissures perpendicular to 
their direction {fig- ITS) ; some were in form of rays divei^ng 
from a centre, hkc a broken glass {Jig. 180). Some opened at Uie 



mg. 179. Fig. ISO. 

Cretana and Jitsurei pr*dami by tartli^uahi. 
moment of the shock, and immediately closed again, grinding be- 
twistt their parietes the habitations they swallowed up ; others in- 
variably remained gaping after the commotion, or. Commenced by 
a first shock, were widened by succeeding shocks. In both cases 
it was sometimes observed that the borders of the split were on 
the same plane, or showed a more or less projecting swelling up 
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r/ig. 181) ; sometimes one of the parts is elevated much higher 
than the other {figs, 18% 183), showing that one must have Seen 
xaised while the other was sunk. 









Fig. 18L 
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Changes of level produced by earthquakes. 

Again it happens that a more or less considerable extent of surface is 
suddenly sunk, carrying down plantations and habitations, leaving yawning 
chasms, with vertical sides, eighty or a hundred yards in depth. In certain 
cases an immense quantity of water springs from the bottom of these cavi- 
ties, forming more or less extensive lakes, sometimes without apparent cur- 
rent, and sometimes giving origin to impetuous torrents. In some instances, 
on the contrary, rivulets were absorbed by the fissures in the earth, or swal- 
lowed for a time, or forever. 

But, besides the numerous cracks and divers chasms which intercept the 
waters, furnishing new springs, and giving them a new channel, it also 
happens that masses of rocks, falling across valleys, arrest the waters and 
qoon form lakes in the upper part Now, these accumulated waters make 
new passages, either by breaking through the sides of the valley, or by en- 
larging some fissure in the mountain ; or, they degrade, cut down, the obsta- 
de which retained them, and soon overturn it entirely or in part Hence 
arise those fearful outbreaks, those impetuous torrents rolling down enor- 
mous masses of rock, the ravages of which are as disastrous as the eiMth- 
quake itself, and which, excavating new channels, or widening and deep- 
ening those that waters before pursued, mark their course by the debris 
which they roll down and successively deposit 

When the principal effects of earthquakes took place on the continent 
between Oppido and Soriano, the phenomena extended as fiir as Messina, 
across the straits ; more than half the city was destroyed, and twenty.nine 
hamlets or villages were swallowed up. The bottom of the sea was sunk, 
aiAd disturbed at various points ; the shore was rent, and the whole ground 
along the port of Messina was inclined towards the sea, suddenly sinking 
several yards ; the whole promontory which formed its entrance was swal- 
lowed in a moment 

5. Upheaval and Subsidence, — ^The earthquakes which occurred 
on the coast of Chile in 1822, 1835, and 1837, have produced 
ejSects not less remarkable. Different parts of the coast, from 
Valdivia to Valparaiso, that is, an extent of more than two hundred 
leagues, were evidently elevated above the waters, as well as many 
neighbouring islands as far as those of Juan Fernandez ; the bot- 
tom of the sea to a considerable extent participated in this phe- 
nomena. On the coast, rocks which had been previously under 
water were raised two or three yards above its level, with the mol- 

5. Give some examples of upheaval and subsidence produced by earth- 
quakes. 
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liisks which lived on their surface ; rivers emptying on the coast 
became fcnrdaUe where they had been navigable by small vessels ; 
well-known anchorages were diminished in depth to a correspond* 
ing extent, and at different points, shoals now oppose the passage 
of vessels of large draught where they readily floated before. 

Analogous circumstances occurred in India in 1819; a hill, fidy miles 
long and sixteen broad, was raised up in the midst of a flat country, barring 
the course of the Indus. Further to the south, on the contrary, but parallel 
to the same direction, the country sank, carrying down the village and fort 
of Sindr6, which nevertheless remains standin^f, half submerged. The 
eastern mouth of the river became more shallow m many places, and por- 
tions of its bed which had been fordable suddenly ceased to be so. 

The history of all times and of all places furnishes us with facts of exactly 
the same nature. Everywhere we are told of fissures in the earth, of pro- 
found chasms, in which cities and even entire countries are swallowed, fi-om 
which flow mephitic gases, enormous masses of water, sometimes cold, 
sometimes hot, sometimes even flaming. Also of plains suddenly trans- 
formed into mountains, of shoals raised in the midst of the ocean, of moun- 
tains rent and overturned, of mountainous regions, of hundreds of leagues 
of rocks all at once levelled and replaced by lakes. Of water-courses 
changed, swallowed in chasms of the earth ; of lakes which dry up by 
breaking through their bounds, or suddenly lost in subterraneous conduits, 
instantaneously formed. In opposition, we also learn of enormous springs 
producing new streams, suddenly rbing through a fissure of a rock, without 
any knowledge whence the waters come : of thermal springs which have 
become instantaneously cold ; of others, on tlie contrary, appearing where 
they did not exist before. All these phenomeha are so many indications of 
fissures in the earth, which afford new channels to waters which might 
have circulated there before. 

6. Relatively to the sea-coasts, these phenomena are often men- 
tioned by authors in a pecuHar manner ; rarely do we see it expli- 
citly announced, there is an elevation ; but the event is stated in 
other terms, referring the efiect to the most moveable element. In, 
this way authors speak of the sea having retired more or less, leav- 
ing its bed dry, either permanently or only for an instant : some- 
times, on the contrary, they mention that the sea suddenly over- 
flowed more or less elevated coasts. Geologists translate these 
indications by the term oscillation^ if the phenomenon be mo- 
mentary, and by the terms upheaved, or subsidence of coasts, if it 
be permanent, because they refer these effects to the solid parts of 
the globe, and not to the sea, the level of which does not vary. 
Nevertheless it must be borne in mind that, if these transitory phe- 
nomena may sometimes be attributed to oscillations of the earthy 
they may also arise from a real impulse communicated to the 
waters of the sea, and possibly partake of both causes. We 
know, in fact, that during earthquakes the sea is sometimes vio- 
lently agitated, that its waters, elevated to considerable heights, 
occasionally make fearful irruptions on the land, advancing and 

^ ' — ■ - ■ - - - ■ ■ ■ - . . . . 

6. What is meant by oseiUation ? What is meant by upheaval 7 What 
by subsitfence 7 
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xetiring again, carrying devastation oyer a greater or less extent. 
These impetuous movements of advance and retreat, accompanied 
by sudden dislocations caused by subterraneous commotions in the 
sdid crust of the globe, may occasion fri&fhtful havoc. The his- 
tory of the Grecian archipelago, of the ismnds of Japan, and of a 
multitude of places, is full of disasters ^produced by these catas- 
trophes. 

The various effects produced by earthquakes under our eyes, and those 
ciled in the most authentic narrations, tend to confirm what is transmitted 
to us from the most remote times, although we might state the facts in other 
terms. Who dares formally to contradict Pliny, relating, according to the 
historians, that Sicily was separated from Italy by an earthquake ; mat the 
island Cy'prus was separated from Syria by the same means ; and that of 
EuboB'a (Negropont) from Boeotia, &-C.? We would not even positively deny 
the existence of the Atlantis, swallowed by the waters, according to Egyp. 
tian tradition, in a day and a night. Let us rather declare, that the assem- 
blage of observations we have, evidently shows that immense upheavals and 
subsidences have for a long time formed part of the mechanism of nature, in 
bringing (he surfiuse of the earth to the configuration we*now observe. 

7. Constant level o^^ecw.— We have just admitted the subside 
ence and t^Aeavo/ of coasts, and laid down the principle that the 
level of seas is invariable : but this last assertion being contrary to 
opinions commonly received by the world, it is necessary to sup- 
port it by demonstration. The laws of hydrostatics teacn us that 
a mass of liquid cannot be permanently elevated or depressed at 
one point of its surface, but that a level must be estabhshed after 
oscillation, great or small, ceases. Hence it follows that the level 
of the sea cannot be stationary at one point, without its being so 
throughout, cmd that the waters cannot be elevated or depressed in 
one spot, without similar changes being experienced at all points 
of the same basin. Now we know thousands of localities where 
the surface of the sea has not undergone the least variation since 
the most remote historic times ; theretore the level has not changed, 
and its constancy is the most positive fact we are aware of, be- 
cause it has been subject to the proof of all ages. On the other 
hand, if we could be led to suppose, like the inhabitants of Chile, 
seeing the manifest change on their coast, that the sea has sub- 
sided there, we must also conclude, with the inhabitants of Cali- 
fornia, Peru, Brazil, &c., that in those places it underwent no 
variation. It must also be admitted that the sea has risen at the 
bottom of the Gulf of Arabia, as it has done, in different epochs, on 
the coasts of Portugal, in the Straits of Messina, &c. All these 
circumstances are incompatible with each other, and opposed to 
the laws of hydrostatics ; and hence we conclude, that instead of 
the immutability of the ground, which an error, analogous to the 
idea of immobility of the globe, has created, we must admit immu- 

7. Does the sea always maintain the same level ? What reasons lead to 
the opinion that the level of seas is always the same? 
9« 



lOS SLOW AND PROGRESSIVE SUBSIDENCE. 

■ II. 

tability of the seas, by acknowledging that the solid surface of our 

planet is susceptible of elevations, depressions, and ail kinds of 

disturbances. 

The slow upheaval of Sweden has already been noticed (p. 20). 

8. i^w cmd progressive subsidence. — ^There is no doubt that, 
forfour centuries past, th^ western coast of Greenland is continu- 
ally sinking, through an extent of two hundred leagues north and 
south ; ancient buildings, both on the low islands and on the con- 
tinent, have been gradually submerged ; and it has been frequently 
necessary to move various establishments built near the shore, 
&rther inland. Subsidence of certain islands in the South Seas has 
been indicated ; but in those places, so rarely visited by geologists, 
the facts are not yet clearly established. 

9. General conclusion. — It must now appear to be well estab- 
lished, that earthquakes are capable of producing great modifica- 
tions of the earth s surface, since, within our times, vast tracts of 
country have been elevated sensibly above the level of the sea. It 
is not less evident there is a slow power in operation, in virtue of 
which, different parts of our continents may also be successively 
raised; and that it also produces gradual sinkings as well as sua- 
den subsidences, which are doubtless correlative phenomena'. 

All these circumstances, however remarkable, are, nevertheless, 
not very astonishing, when we reflect on the enormous dispropor- 
tion which exists between the thickness of the soHd crust of the 
globe, and the mass of melted matter it envelopes. Is it surprising 
that such a crust, a mere rind, relatively almost as thin as a coating 
of gold-leaf on an orange, should be disturbed in every manner by 
the least movement of the subjacent mass, particularly if we bear 
in mind that similar movements doubtlessly have been taking 
place ever since the first pellicle was consohdated on the sur&ce, 
and all the successive crusts must have been rent in every direc- 
tion, and therefore their mass could not afibrd the resistance of a 
continuous envelope ? 

Volcanic Phenomena. 

10. General notion — Explosion — ^^n^^ton.— Volcanic pheno- 
mena are closely connected with earthquakes; they are, in a 
manner, the final results of them. When, by the shaking and ele- 
vation of the ground, the terrestrial crust is deeply broken, a tem- 
porary or permanent communication is established between the 
interior and exterior of the globe, through which various kinds of 
matter are disengaged from the bosom of the earth. Through the 
crevices escape gases of different kinds, waters hot or cold, simple 

8. Is there any evidence of the slow and gradual subsidence of land ? 

9. Why is it believed that earthquakes modify the earth's sur&ce ? 

10. What are volcanic phenomena 7 Give some instances of volcanic 
phenomena. 
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or sulphurous, and loaded with mud, are the most simple transi- 
tory results. But frequently there are, also, through the upheaved 
and broken ground, amidst violent detonations^ explosions which 
eject, to a great distance, all the debris of the formation, as 
happened at Saint-Michel, in the Azores, in 1522, where the 
debris of two hills covered the whole city of ViUa-Franca. It 
most frequently happens, at the same time, that more or less con- 
siderable" eruptions of incandescent matters take place, consisting 
of scoriaB, pumice, &c., in a melted state, which are either projected 
to a distance, or run on the slopes, or accumulate on the spot to a 
greater or less height ; this has occurred in a great many localities. 

Eruption of the island of Saint George, — In the month of May 1808, in 
the island of Saint George, one of the Azores, the soil in the midst of culti- 
vated fields afler being upheaved opened at many points with a fearful noise. 
It first formed a vast cavity, or c rater , of 100,000 square yards, then a 
smaller one at the distance of a league, and finally twelve or fifteen little 
craters on tlie broken surface. Ah enormous quantity of scoriee and pumice 
was projected to a distance, and the ground was covered a yard and a half 
deep over an extent a league wide and four leagues long. For more than 
three weeks afterwards currents of melted matter flowed fi-om the principal 
crater to the sea. 

MinUe-Nuovo. — Monte-Nuovo, formed in 1538, at the bottom of the bay 
of Baia, on the coast of Naples, is another example of a similar eruption. 
Violent earthquakes had continued during two years : on the 27th and 28th 
September they did not cease either day or night ; the plain found between 
Lake Aveme^ Monte-Barbarb and the sea, was then upheaved^ and variouB 
cracks were evident^ Sfc, (Pietro Giacomo di Toledo). Then a great extent 
ef ground was elevated^ and suddenly assumed the form of a growing moun^ 
tain ; in the night of the same day this little mountain of earth opened with 
a great noise^ and vomited flames, as well as pumice, stones and cinders 
(t*orzio). The pumice came froi# the upheaval of the soil, which consists 
of this material throughout Campa'nia ; and the stones and cinders cait^e 
firom the eruption which occurred at the moment : we still see on the south 
side of the mountain a ridge of scoricB, and on its summit the crater which 
produced them. The eruption lasted seven days, and the matters projected 
and ejected parUy filled Lake Lucrin. From that time the most perfect 
tranquillity has prevailed. 

Jorullo. — ^There was something analogous, but under peculiar circum- 
stances, in what happened in Mechoacan, near the town of Ario, on the 
29th September, 1759, after an earthquake of two months duration. In the 
midst of a plain covered witli sugar-cane and indigo, and traversed by two 
rivulets, there formed in a single night, says M. Humboldt, a gibbosity 
(bunching up) 160 yards high near the centre, covered by thousands of 
small smoking cones, in the midst of which were raised up six great hil- 
locks, arranged in one line {fig. 1 84), in the direction of the volcanoes of 
Colima and of Fopocatapetl. The highest of these hillocks, called Jorullo, 
was more than five hundred yards in height above the plain ; fi'om its sides 
escaped a great quantity of lavas. 

Vesuvius. — Something similar must have occurred in Vesuvius, for Strabo 
describes Uie mountain so called by the ancients without in any way allud- 
ing to the remarkable cone which now exists {fig. 185), and which he 
would not have failed to mention. It is evident Siis cone did not then 
exist ; but the crests which rise in semicircles on the north, forming what 
is new called the somma, probably constituted part of a complete circle ; the 
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Fig. 184.— VoJcan of JoruUo. 
south halt^ which was much more arched, and eepaiated tiom the other bjr 
a diamf tricn! split, on!; otTers now a, titcc at the east, and an indication at 
tlie wc8t by the pumica tufa of SalTitore. The mountain, which u proba- 
bly represented m Gg. ISC, looa, aaya Stiabo, very ferlilt on Ui ilopei; tit 



Fig. 185. — Hew of Vetuvuu Fig 186 — V>»utiu» in tJu Uma 

a> it now u of &rab() 

tummit u»« IruiuMid, la a grtat part taattd rntirtly >J«n^e, o/ a hunt 
fljpwi, exhibitijig camtxei Jilltdunth cradcfand eaUimd iloatt , jTomvUueh 
it may be conjrctured that time piacta tetre farmejly burning ero(Br». All 
leads to the belier that the cone, which alone bears the name of VeaaviiiB 
now, all the producta of which differ from the rocka of the lomma, was not 
Ibrrned till long nflerwarde, and probably at the time of ttic famoua eruption 
in the year 79, which coal the lile of the Roman naturEilist ; it then, with- 
out doubl, formed a permanent conduit in (he midst of (he mattera which 
are raised in ibrm of a dome, and which has Iscen enveloped by aubaeqoent 
BCoriffi. This catastrophe aeems (o have produced but little lava, bu( a bm- 
riblc upheaval, uAicA precipitated a grtal part of the ntounlatn info tlu ten 
(Pliny the younger), ajid buried Herculaneuoi and Pompeii, not umlet tor- 
rents of melted matter, as commonly said, but under avalanches of pnmlce 
which previounly exialed on the slope of the mountain, for Vesuvius ilaelf 
has never produced an atom. If the whole south slope turned towards the 
sea is now occupied by lava, it is evident that before the formation of the i 
permanent volcan it was covered with pumice tufa, traces of which are still 
seen at different points, the same as now onthceitemal slope of the somma, 
and in all Campa'nia. 

11. Defimtion of a Volcan. — In those events, it often happens 
that the lent, which has given rise to observed efTects, is obstructed 
or closed at a considerable depth, and tranquillity is entirely re- 
atbied, as at Monte-nuevo. Under other circumstances, on the 

11. What is a Yu:can, or volcano 7 



SUBMARINE EIUJPTIONS. lOS 

contrary, the rent forms a permanent conduit at once, or after seve- 
ral shocks in the ssme place. In this case there is sometimes 
established a coDtinuonsly active Ainiace, from wlitch gaseous 
matter in abundance is disengaged, or from which lava continu* 
ousiy boils, and from which there is an incessant projection of 
Bcoris ; this has been the case at StronAoli from the remotest 
antiquity. At other times the conduit is temporarily obsiructf tl at 
its upper part ; but the least effort is sufficient to remove thi' ot- 
atruclion, or to produce a new opening in 
the vicinity, ihroueh some fissure which 
communicates with the principal conduit 
(Jig. 187). lA all cases, the result is a 
centre of easy communication between 
the interior and exterior of the earth, and 
it is this which ia called a vokan or vol- 

- TliiB ftdlity of cooimanicstiim is probably a prcBcrvativG sgainat the lia. 
loiee or eaithqaake* ; indeed it bai been Dbiened thst,rrom the moment an 
eruption takes pUoe an/where, the ahockB which bad been iclt up to that 
time, become fewer and weaker, and even ceaae allogelher. The earthqunke 
ofCaraceaB, in 1812, terminated by the eruption of the volcan of Saint- 
Vincent, in the Antilles ; the eraption of Jarylta, and that -of itfontt-iVureo, 
terminated the carthqoakea which desolated the surrounding counlriea. On 
the conlraiy, when a volcano becomes inactive, it seems to annonncc cartb- 
quakes ; in 1797, when Ibe volcan of Furace, near Popajan, bad ceased to 
' emit Same and smoke, tbe valley of Quito was agitated by violent slioeks. 
Volcaos, therefore, seem to be nataral vents, designed by Providence to pre- 
vent a complete destnictian of the globe, and its inevitable rupture into frag- 
ments, which, launched into space, nri^t there describe new orbits. 

13. SubmaTine (nations. — It is not only on land that volcanic 
phenomena occur; they also take place under the sea, as might 
be naturally anticipated. In our own times, we have had formed in 
this manner the island of Julia, in 1831, on the south-west of Sicily ; 
Bogosiaw, in 1814, in the Aleutian Archipelago; Sabrina, and 
another (me not named, in 1811, in the Azores, where, previously, 
at dilierenl epochs, others were formed, according to the most 
authentic histories. The same thing occurred, at different timest 
around Iceland : and various accounts indicate that in the islands 
of Sunda, the Philippines and Moluccas, throughout the Pacific, in 
the Kuriles, Kamlachatka, &c.. similar phenomena look place, 

VoUan of Unalaika.—Onc of the most striking eiampTee ia furnished by 
the island, which arose in J79G, about ten leagues from the northern point 
of UnBks)i.a,one of the Aleutian islands. At first ■ column of amoke rose 
above the surface of the sea ; then a black point appeared, the smmit of 
which launched forth sheets of fire and atones with violence. This phano. 
menon continued for several monlha, during which the island grew sneeca. 
lively in eitent and height ; later, smoke only issued, which ceased altoge. 
ther (bur years oflerwarda. Still the island continued to enlarge, and to riso 

12. Do Tolcaoic ertiptioDB t^e place on land ezcluiivolj T 
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without any apparent ejection ; and, in 1806, it ibrmed a cone which might 
be seen from Unalaska, and upon it were four other smaller ones, on the 
north-west side. 

Santorin, — The Mediterranean also furnishes a fine example of submarine 
eruptions, in the midst of the space comprised between the islands of iSSan- 
torin, Tereaia and Aspronin {Jig, 193), which, according to the ancients, 
appeared above the water several centuries before the Christian era, in con- 
sequence of violent earthquakes. In this circuit, Hiera arose first, 186 years 
before our era, which subsequently grew by little islets rising on its borders 
in the years 19, 726, 1427 ; then, in the same way, Micra-Kameni, in 1573, 
and Nea-Knmeniy in 1707, were formed ; and successively growing in 1709, 
1711, 1712, &.C. No crater was formed in either of these islands, and we 
only have there the appearance of volcanic matter in form of a dome^ which 
seems to have covered the orifice through which it escaped.' . There was no 
volcan there, according to the terms of our definition, but a tendency to form 
one at«ome future time. The islands of MiTo, Argentiera, Polino, Polican- 
drOf Por<t9^ &>c., are formed of the same materials, and probably had the same 
origin. 

13. WhatpcLSUS in these phenomena, — ^These submarine phe- 
nomena ar« announced by incandescent matters ejected above 
water ; by scoriae and pumice, which float on the surface ; by burn- 
ing rocks, which appear in the midst of waves of vapour, and by 
the boiling of the sea, the temperature of which becomes very 
niuch increased. All these things occurred in our own times, at 
Julia, at Sabrina, &/C., and are such as authors mention in detail, in 
all their accounts. Father Gor^e has given us a history of the 
upheaval of Nea-Kameni, of Santorin, m 1707 ; and all the cir- 
cumstances he relates agree with what Strabb, Pliny, Plutarch and 
Justin tell us of the appearance " of Hiera, in the midst of flames, 
and a violent ebullition of the sea. 

But the circumstances we have just spoken of are not always all present 
at the same time. Sometimes no solid rock appears above water; this 
was the case at Kamtschatka, in 1737, where jets of vapour, great ebul- 
lition Q^ the sea, and pumice-stones floating on the surface, were all that 
was perceived ; but when the spot could be approached, there was found a 
chaia of submarine mountains, where there had been previously a depth of 
more than a hundred fathoms. In certain cases there is not even a jet of 
vapour, and the phenomenon is manifested by tlie heat of the water only ; 
this happened in 1820, at the island of Banda, among the Moluccas, where 
the bay, which was upwards of fifty fathoms deep, was filled by the tranquil 
elevation of compact basa'ltic matter, probably pre-existing, which formed 
an elevated promontory composed of large blocks piled one on the other ; 
and its appearance was manifested by the heat of the water only. It also 
seems, that after eruptions, there is oflen a peaceful and slow upheaval, as 
in the island formed befi)re Unalaska, and at Santorin, according to the 
observations of M. Virlet. Indeed, between Micra-Kameni and the port of 
Phira, where there is an abrupt submarine mountain, there was, at the be- 
ginning of the present century, fifleen fathoms of water above the highest 
part ; but there were only four fathoms in 1830, and little more than two in 
1834. It is presumed a new island, that is, the summit of a new cone, 
will appear in the gulf) and the appearance will, probably, be accompanied 
by such phenomena as we mention. 

13. What phenomena occur in submarine eruptions 7 
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liCi U8 add that islands ^hich rise to the surface of seas do not always 
remain. Many of them disappear after a longer or shorter period, either 
by bein^ washed down by the waves, as is supposed to have been the case 
with the island of Julia, or by their mass sinking into an abyss formed be- 
neath them ; the last circumstance doubtlessly happened to an island which 
was elevated in 1719, near Saint-Michael (Azores), and disappeared in 
1723) leaving in its place a depth of seventy fathoms. In the same region 
there was an island in 1638, where there is now a bottomless abyss. 

14. Crater of upheaval, or elevation, — ^The first effect of an 
eruption is to burst, by its violence, the crust of the earth in the 
direction which matters pent up in the interior have taken to 
escape. The ground, no matter of what nature, is at first raised 
to a more or less considerable extent, or arched hke a bell, and 
often cracked in every direction ; at once, the explosion occurring, 
as if by the action of a formidable powder-blast, an opening is 
made in the form of a funnel, through which often escape gaseous 
and other matters which caused the event. It is to these initiatory 
openings, which may be made anywhere, to which the name of 
crater of elevation has been given, from the necessity of distin- 
gtiishing them from all that may subsequently occur in the series 
of volcanic phenomena. The hillock itself which is produced on 
the soil, by the first effect, is called the cone of elevation, to distin- 
guish it from analogous hillocks which are often formed also by 
the accumulation oF incoherent materials ejected from the volcano. 

15. Character of these openings, — ^What characterizes craters 
of elevation, and enables us to recognise them in places where 
there is no account of an eruption, is, the disposition or arrange- 
ment of the upheaved strata, being very different from what is 
everywhere else observed. These beds are here found inclined all 

round the axis of the cone, as in the 
section {fig- 188), rising more and 

_ more from the base to the summit, 

rv loo T^. ... J- . ^ and presenting their abrupt escarp- 
'^^olfjlST^^r --.s' towanil the interior of tile 

cavity. Monte-Nuovo is an exam- 
ple in miniature : the mountain was formed by elevation, hollowed at 
Its summit by ejecting gases and incandescent matters ; and the 
cavity, which can be examined now, has around it, at an inclination 
of thirty degrees, strata of different formations, which in all the 
rest of Campa'nia are horizontal. The semicircle of the somma 
presents the same characters in the mchned fables of amphige'nic 
porphyries, and analc^ous circumstances exist in many other 
localities. 

16. Another character, not less important, and especially useful 
when the upheaved matters are not divided into beds, is furnished 

14. What is a crater of elevation ? What is a cone of elevation 7 

15. How are craters of elevation characterized ? 
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us in great craters of elevation by the crevices or cracks which 
extend from the margin of the escarpment to the external base of 
the mountain, forming what are named barancog in the Canary 
islands, where ihey are so remarkable. One of these barancos 
(or ravines) much deeper than the olhers, extends from the foot of 
the mountain to the bottom of the crater, as is shown in the follow- 
ing view IJig. 1H9). This last character is seen almost always in 



Fig. ISa—Vitte of Utt hland of Palma, 

the different localities produced by simibr events, as well as in 
most islands which have been upheaved in our times in the midst 
of the ocean ; frequently there are many valleys of the same kind. 

Renuitkt an the formation of erateri, — We hare mentioned eipioaion ■« 
determining, definitely, Ihe formntion of the crate'tiforra enYily at the snni- 
mii of the uphcived miis ; however, it ia not probable that this circnm. 
Blance, which is applicable to Monte-Nuovo, Ihe island of St. George, &.c^ 
in constantly goen in all cases ; it Beema to be even tolsllj inadmiaaible in 
certain eralers or vast citcnl known lo exist in a number of places. But 
this eiplneiQii is Dot even neceBsary. In fuct it is easy to conceive that 
after a fracture, aa in ^g. 190, 
which IB a CDrrclative result of ale. . 
vation, it may happen that all tha 
orecl, columnjikc masses, and all 
the elongated poinls between the 
rents, might be tumbled down at the 
same moment, or by a subaequent 
■dliMi. Hence results an open cavi- 
ty {Jig. 191), the margin of which 
ia formed by all the debris, and the 
depth is in proportion to the sum of 
j«_ jgQ_ the voids or spaces fijrmed by tho 

*' fractures. On Ihe other hand, it ii 

clear that elevation ia prodaced by 

which pushes tlie crust of tiie earth 
and forces it to swell upwards ; now, 
if it happen that this mailer should 
find exit at soinu other point, or re- 
tire again into the bowels of the 
earth, llie upheaved part being left 
without BUppnit may sink into the 
I abyss left beneath it, and consc- 

qutnlly cbufc ui itnmenae racuily 
in the midst of the gibbosity or 
■^V- '3'- hillock, then merely forming a mass 
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bollow in the centre, and cracked on Ok mugin. This mnst have taken 

plu:e in many caseB, and notably ii ' " ~ ----- 

em slope of which presents a vast e , 

bounded by high rid^^es, cisckcd at varioua points. 



Terminal cone. 
TUikBai 



iBorcjxiop 



la the reiieco of 

it ncod not be regarded aa a simple theoretic speculation; 
mere are many eiamplci of Bimilar eicavaliona, independent of the effects 
produced by earthquakes. At the aamniit of Mount Etna tliere ia one of 
1300 feet in depth, which dates from 1832, and many others which were 
produced at the end of the last or beginning of the present century. Fre- 
quently lakes are Ibrmed on a sudden, Bometimea of boiling- water, by the 
■inking of the land consequent on volcanic eruptions, as in 1S3S, near Che 
ancient Cesarea in Cappadociaj in 1820, in St Michael's (Azures), &c. It 
hai also happened that high Tolconio mountains haro at once sunic, their 

Slace being at once filled by deep lakes, as the volcano of Fapadayann in 
ava, in ITT3, which carried airay with it Ibrty villages built on its sides: 
as also, in Iti3S, the peak of the Moluccaa, which co^d be perceived litelve 
leagoea at sea. We know that the summit of Carguarai'zo which rivulhid 
Chimboraxo in height, crumbled in 1 698, and the aame occurred to Capac- 
IJrcu, also situated on the plane of Quito, a short time before the arrival of 
the Spaniards in America. Many other facts of a simjlui kind could be 
adduced in support of the theory advanced. , 

17. Effects sifbsequent to elevation. — The crate'riform cavities 
we have spoken of sometimea remain the same aa when first pro- 
duced ; olteo, however, various volcanic phenomena subseijiiently 
occur at different times and in various ways. In this manner it 
was that the cone of Vesuvius (Jig. 1851 was formed in 79 in the 
ancient crater of the Somma (p. 104); that the peak of TenerifEi 
is found in a circle, the vertical walls of which rise from 600 to 
1200 feel ; that the volcan of Taal, in Luzon, one of the Philip- 
pine islatida, is in the centre of a basin filled with water, and sur- 

17. Do craters of elevation always remain the same as when £rat pro- 
duced ? Give some examples of the secondary effects of entptioDs. 
10 
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minded by elevated rocks, having a single opening only Tor 
entrance &c. 

IslandB which have been olevilsd in tbe midit of the tea fi«qD«iilIjr 
eihilut phenomena of the asme kind, Thos the iiUnds of Sanlorin, The- 
reaii, Asproniii, (Jig. 193), which were cleTaled long belbre the Chrigtian 
en, present tho nppesranoo of a, vB»t craler of elevation : their slopes are 
gentle (_Jig. 193) extemallj, but abrnpt, on the contrary, toirardt tbe centro 



Fig. 193. — Sittian i^Saniarin and adjacent itlandt, 
of tbe circle of which they farm the majgin. Tlie (round is cornpowd of 
TuioQB atrsta, inclined outwsidtj, among which are linteslone and argilla'- 
cmni schist In [he middle of the circle, the depth of which is considera- 
Ue on the borders, all the subseqiieDt volcanic (Jienomena were produced, 
and h«rB the three summits of cones successively appeared, which consti- 
tute three modem islands, and are still preparing- new eruptions. 

Something similar is seen in the Gulf of Bengal, on the Island of Barren, 
discovered in 1787. It is a vast circle (Jig. 194) ftrmed of high moun. 
tains, into which the sea penetrates by ■ (ingle opening, and hat a volcan 
in tbe centre which was in full activity at Ihe tiua of the discovery. 



Fig. 194.— Viite of the Alaiuf of Barren in the Gulf of Bengal. 

18. "Similaritt/ o^configuralion in Volcanic Islands. — DUf^Tent 
volcanic islands which hav£ been formed under our eyes, as it were, 
in the midst of the ocean, are entirely analogous to those we have 
mentioned. The island of Sabrina, at the moment ol its appear 
ance, presented a cratiiT which opened to the south, {Jiea. 195, 106), 
and terminated by an opening, through tvbich issued a current of 
boiling water: according to the accounts, the island of Juha must 
have been somewhat analogous ; and the history given by Captain 
Thayer, reported by Poeppig, shows such to have been the case. 
On the 6lh September. 1835, to the north of New Zealand, this 
navigator almost witnessed a submarine eruption, which presenwd 

16. How do volcanic isl^da diSbr &om each other in form? 
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Fig. 195, Fig. 196. 

Afptaranct and form of certain voUanie iilaruU. 

an annular rock, almost on a level with the surface of (he sea, in 
the midst of which was a lagune having a single outlet, and in 
which the water was burning. Now, these islands appear to be 
nothing more than points of domes upheaved, like those in the 
gulf of Santorin, either instantaneously or slowly, and having the 
summit broken, like Monie-Nuovo. These are true craters of 
elevation or of eiplosion, as we would call them ; and as such 
they may consist of solid rocks, or of various tufas, or even of 
scorite accumulated on their borders. The archipelago of the 
Azores, which have so ofien witnessed rising from me sea similar 
islands, which lime has destroyed, presents us one which seems to 
have escaped destruction, to exhibit to us how ali those were 
formed which have disappeared. This is the rock of Porto de 
JUieo, which presents a vast circle, into which vessels enter for 
shelter; its sides rise 400 feet and are composed of volcanic tufa. 

19. These phenomena explain to us the origin of a great many 
islands found in the ocean (^g. 197), both by the analogy of then 
form to those we have named, and their nature. Some are in the 
form of a horse-shoe, having a more ^^ 

or less expanded opening, which /■/*— n^^^ *^^ <=» 
gives access Ui the middle of the f / r^ A a 

deep bftsin they enclose, and in the \l^ -^ ^^ 

centre of which isolated volcanic ^■*— .^^-'"'^ 
hillocks are occasionally found. Fig. l^T.—Diipotilion of certain 
Othersare entirely circular, having wlond* in the South Seat 

some of the points of the circle more or less broken, or groups of 
small islands arranged in a circle, which are more or less promi* 
nent above the water. 

30. Different periods of the formation of a volcan. — We may 
often dialmguish in ihe mass of a volcanic mountain, several dif- 

19. How do votcoiuo pheaomeaa eipkja the origin of certain iilandif 
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ferent parts, each of which corresponds to a particular mode of 
formation. The first gibbosity or hill is, in general, the effect of 
elevation of the pre-existing soil, which may be of any kind or 
nature. Afterwards, sooner or later a fissure is formed, which 
produces either a crater of elevation or a dome of pasty matter, 
as at JoruUo, clearly detached from the first hillock ; and, as a last 
result, in the midst of one or the other a permanent chimney is 
formed. Often the formation of the terminal cone then commences, 
by the scoriaceous matters raised by the melted lava filling the 
primitive conduit, which overflows the margin of the aperture, or 
it is ejected into the air, from which it falls again around the centre 
of eruption, accumulating in cones with a niaximum slope of from 
30° to 35°. These loose scoriae melt on the side towards the inte- 
rior of the chimney, which they narrow more and more by the suc- 
cessive cornice-like projections they form, and in this way conceal 
the true diameter of the crater. 

21. It is rare that these three kinds of formations are all found 
in the same volcano ; but we always find the gibbosity produced by 
elevation, and one or the other of the secondary domes. At Tene- 
riflfe there is a broken dome which was upheaved in the middle of 
a crater of elevation. At Vesuvius, from the constant solidity of 
the base, and other circumstances, we may infer the existence of a 
central nucleus, produced in the same way as a dome, in the year 
79, afterwards enveloped in loose materials, and bearing on its 
summit a true cone of scoriae. At Etna [Jig. 198) we clearly 

^ ■iii^i^fflEfWHhfc <a 

Fig. 198. — View and profile ofEtnay and the surrounding country, ^ 

distinguish the primitive hill or gibbosity, showing sheets or 
coats of ancient upheaved lavas, on the middle of the sL'ghtly- 
arched surface, which all this part of the island presents ; it is 
terminated by an almost level surface, the Piano del Lago, in 
the midst of which rises the terminal cone of scoriae, regularly cir- 
cumscribed on all sides, and clearly separated from the base on 
which it was formed. On the slopes are small cones of eruption, 
formed here and there, at different times, which have since contri- 
buted to the swelling up of the whole of the surrounding land. 

22. It is clear, that the cones of scoriae constructed in the man- 
ner just mentioned, at the bottom of, volcanic gulfs, cannot be very 
solid ; they often change their form at every eruption. Sometimes 
the edifice rises more and more ; sometimes, on the contrary, it 

30. Are volcans always characterized by the jsame kind of formations ? 

21. Do we always find in one volcano all the kinds of formation ? What 
one is always found ? 

22. What are the characters of cones of scorioB found at the bottom of 
volcanic gul& ? 
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crumbles into more or less ccaisiderable shreds, and hence cones' 
are deeply broken in all manners of shape. -Sometimes the whole 
mass is swallowed at once in the abyss it covered, and is recon- 
structed by subsequent eruptions. This took place in the terminal 
cone of Etna, which has several times disappears entirely Reaving 
an immense aperture, without parapet, in the midst of a little plain 
wluch crowned the original gibbosity or hill. At Vesuvius only 
the upper part of the cone has ever been modified. 

23. Interior of craters. — Contrary to the expectation of all those 
who visit volcanoes, the interior of craters seldom possesses much 
that is worthy of observation. After great eruptions, during which 
they cannot be approached, these cavities (which are of conical 
form, and have a more or less wctensive diameter at the top, with a 
bottom apparently formed of a sheet of consoHdated lava, which 
covers the principal chimney) ordinarily present for observation 
merely jets of sulphurous vapours, escaping here and there from 
fissures in the soil, from interstices in blocks of crumbled scoriae, or 
a greater or less number of small cones raised up in difierent 
places. Occasionally we see one or more gulfs, sometimes filled 
with vapours which escape continually, and sometimes revealing 
the incandescent lava in the depth ; sometimes silent and dark, 
inspiring with terror, but without possessing the least interest for 
observation* In long intervals of crises, traces of volcanic action 
often entirely disappear ; in certain instances even the sides of 
the crater become covered by vegetation, as is related of Vesuvius 
before the eruption of 1631 . 

24. There are, however, some observations worthy attention. 
The crater of Stromboli, which has been in continuous activity frora 
the most ancient times, stiU presents phenomena identical with 
those recorded by Spallanzani, in 1788. It is constantly full of 
melted lava, which alternately rises and sinks in the cavity. Having 
reached to twenty-five or thirty feet of the edge, this lava swells, 
is covered with large vesicles or bHsters, which speedily burst with 
a noise, permitting the escape of an enormous quantity of gas, and 
projecting scoriaceous matters on all sides. It immediately sinks, 
after an explosion, then rises again, to produce the same effects, 
which are in this way repeated at regular intervds of some mi- 
nutes, 

25. If the lava of Stromboli were less fluid, it is conceived, that 
having reached to its highest point, it would there stop, assume an 
arched form, and become consolidated into a more or less elevated 
cone ; and then, if an explosion occurred at a certain instant, a new 
conical crater would be found in the middle of the old one. Thia 

d3. What is found in the interior of craters ? 
24» What is remarked of the crater of Stromboli? 
25. What would probably be observed, if the lava of StromboH were leMr 
fluid than it is 7 

10* 
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explains what frequently takes place in volcanoes, and, for exam- 
ple, at Veauvius (Jig. 199), where domes have been raised whidi 
remained for a long time, and were subsequently broken, giving 
passage lo lavas, and finally sank into abysses left beneath them. 
Cer(aiD.crateis, fcving a widely extended bottom, often contain 
hilb of 'considerable height, which have had an origin such as we 
have described; either We lava is arrested at a certain height, in 



Fig. 199.— JdwDftliou* CraUr, fn ihe tniiUit af Vttuviut, in 1899. 
form of a cap, or swelled up at difflTcnt points, or elevations took 
place in different matters which had filled the cavity. 

26, Sometimes, in place of lava, there is found at the bottom of 
craters boiling sulphur, as was seen at Yulcano, and, on a larger 
scale, at the volcan of Taal, in the island of Luzon, and at that of 
Azufral, to the north of Quito, in the Andes; hills, and even 
domes of sulphur, are also mentioned, as M. Boussingault observed 
at the volcan of Pasto. 

A crater now often mentioned by vojagera ie thatofKiraueii, ontheiBlsnd 
of Hawaii, one of the Sandwich group. Thia Taat caviij is Ihree ind a 
half miles long' and two and a half wide, and over a thouBand tbet deep : 
Captain Wilkes, in his narrative of the United SmtcB Exploring Expedition, 
stales that " the cilj of New York might be placed within it, and when at 
ila bottflm would be hardly noticed. A black ledge surrounds it at the depth 
. of 660 feet, and thence to the bottom ii 384 feet. The bottom looks in th« 

S6. Ib anything ibund st the botlom of cratera besides lava? 
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dajrtime like a heap of smouldering ruins. The descent to the ledge appears 
to the siffht a short and easy task, but it takes an hour to accomplish. 

** All the usual ideas of volcanic craters are dissipated upon seeing this. 
There is no elevated cone, no igneous matter or rocks ejected beyond the 
rim. The banks appear as if built of massive blocks, which are in places 
clothed with ferns, nourished by the issuing vapours. 

^What is wonderful in the day, becomes ten times more so at night. 
The immense pool of cherry.red liquid lava, in a state of violent ebullition, 
illuminates the whole expanse, and flows in all directions like water, while 
an illuminated cloud hangs over it like a vast canppy/' 

27. Solfata'ras. — ^l^here are a great many craters which for a 
long time have not given exit to any lava, and are reduced to dis- 
engaging, in greater or less abundance, sulphurous gas, which 
escapes by a multitude of fissures in the soil, and often accompa- 
nied by aqueous vapour. Hence the name of Solfatafra has been 
given to those places where these phenomena are more or less 
developed. Thefe are some craters which seem to have been 
always in this state. Such, for example, is the Solfata'ra of Pouz- 
zoulii in the kingdom of Naples, which is a vast crater of eleva- 
tion, at the bottom of which are found broken volcanic rocks, daily 
decomposed by the vapours. This solfata'ra is of the highest anti- 
quity, and appears never to have presented other phenomena than 
those now observed. When in repose, volcanic craters become 
more or less active solfata'ras. 

28. It is not uncommon to find one or more lakes, frequently of 
great depth, at the bottom of craters and solfata'ras. The waters 
they contain are sometimes quite pure, but they are often pharged 
with various salts, or sulphurous or sulphuric acid, as was seen 
in the volcan of Teschem, in the island of Java, prior to 1817, 
the year jvhen this mountain was entirely destroyed by the action 
of gas. 

29. Commencement of eruptions. — Continuous emissions of e:as 
or scoriaceous matter from certain volcans, must not be confounded 
with eruptions, which are sudden events, fortunately transitory, 
often bringing desolation over an entire country. When an erup- 
tion is about to take place it is ordinarily preceded by earthquakes, 
after which it suddenly occurs with more or less noise. If a volcan 
already exist in the country, an eruption begins by pouring out 
abundant fumes, composed of various gases and aqueous vapour, 
then pulverulent matter called volcanic ashes, the quantity of which 
is sometimes immense; then follow directly, when they do not 
appear from the beginning, fragments of red-hot porous stones, 
called rapilli or lapiUi and pouzzolani, more or less considerable 
blocks of solid matter, which are sometimes ejected to great dis- 

•— . ■■ ■- ■ ■ ■ I -I ..»>■■ ■■■ ■■!■ — ■ ■ ■ '■'■■- ■ ■ m 

27. What are Solfata'ras ? 

28. What is the character of the water of lakes found in craters ? 

29. How is the commencement of eruptions characterized f What are 
volcanic ashes? What is rapilli? What are volcanic bombs? What is 
tu'^ ? 
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tances; and lastly, portions of melted matter torn from the lava^ 
filling the crater, and becoming rounded by their motion through 
the air, form what are called volcanic boviiba. From all this we 
have, amidst violent detonations, immense bundles or masses of 
various matters projected to great heights, hghted by reflection from 
the melted lava, part of which faU at greater or less distances, ac- 
cording to their weight and the force with which they are impelled. 
Ashes, rapilli, or pomice then produce in the vicinity of the volcan, 
sometimes even at a distance, considerable deposits, which becoming 
solid by their weight and by water, form what is termed volcanic 
Utfa,pumice tufa^ and various conglomerates. 

The vapours and ashes ejected fi*om volcanoes sometimes form enormous 
clouds, frequently dense enough to intercept the light of day, and shroud 
the whole neighbourhood in darkness. These clouds, driven by the wind, 
ure sometimes carried to the distance of twenty, fifty, and even two hun- 
dred leagues. This happened in 1812, when the ashes of Saint Vincent, in 
the Antilles, were carried to Barbadoes, and so darkened the air that persons 
could not see their way. The ashes of Vesuvius were carried in 1794 to 
thq end of Calabria; and it was found even in Procopus, that during the 
eruption of 452 they were conveyed as far as Constantinople. 

What occurs at the bottom of seas duj-ing eruptions is not seen ; but it is 
clear that the ejection of earthy matters, rapilli, and pumice, are not less 
abundant, because we find at these times on the surface enormous quanti- 
ties of them, and in land upheaved, there are seen distinctly deposits of 
volcanic tufa, pumice tufa, and conglomerates, precisely like those formed 
on land. 

30. •Appearance of melted matters, — The phenomena mentioned 
are sometimes the only effects of an eruption ; but most generally 
they are only the precursors orsequents of the expulsion of melted 
matter, which soon appears under different forms. Sometimes 
these matters, most frequently in mass, rise in cones dr domes 
above the very orifice from which they issued, sometimes entire, 
sometimes vertically perforated in the centre, sometimes suscep- 
tible of being pushed further out. This happened at Jorullo, and 
again and again in the gulf of Santorin, and the same must occur 
in a great many other localities. 

31. Under other circumstances, the crater first formed at the 
summit of a volcan is completely filled with melted matters ; these 
soon break a passage at a greater or less depth, pouring out tor- 
rents, which furrow the side of the mountain, and run to the 
plain, where they spread more or less. 

32. Form of currents, — If fissures or cracks of eruption be 
formed at the foot of a volcano in a flat country, the lava escaping 
from it at once forms broad horizontal sheets in the middle of the 
plain. This occurred in Iceland in 1783; crevasses formed in the 
plain at the foot of Skaptar-Jokul, a high volcanic mountain of the 

30. What is the form of melted matters ejected from volcanoes ? 

31. How are lava-currents formed ? 

32. What is the form of lava-currents ? 
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country, and an immense volume of melted matter escaped from 
them. This immediately spread over the soil, covering eighty 
square leagues, filling up all depressions, and forming a vast lake 
of fire of considerable depth. 

33. But this is not always the case ; the current often forms on 
more or less inclined slopes, and the lava forms true currents on 
their surface, of greater or less length, a part of which adheres to 
the land in consequence of cooling, and in evidence of its passage. 
After its exit from the bosom of the earth, the melted matter soon 
cools on the outside, solidifies, wrinkling and cracking in every 
direction, and thus acquires a crust, ordinarily porous, the thickness 
of which becomes more or less considerable. This crust prevents 
the liquid or paste it envelopes from spreading, and confines the 
current to a certain thickness ; also, from its slight fiiculty of con- 
ducting heat it prevents the interior lava from cooling, which, from 
this cause, goes on very slowl3% Lavas have in fact remained 
liouid or pasty, and preserved a high temperature for a very con- 
siderable time ; some are cited as still running on very gentle 
slopes, ten years after their ejection, and others which gave off 
vapour twenty-six years after their exit from the bosom of the earth, 

34. If after the external cooling the volcanic spring continues 
to furnish melted lava, the current takes place in a kind of con- 
solidated sack which is formed ; a sack which then strives, as it 
were, in all directions^ is broken and mended successively ; this 
causes the twisting and various irregularities in the current of 
lava. When the source is stopped, the matter which escaped from 
it does not continue to flow the less in the sack enclosing it, but the 
latter successively flattens, and the middle is effaced, leaving a 
more or less elevated roll or ridge on the margins. This is first 
seen at the upper part of the current, then successively to a point 
where the liquid matter, becoming 
more and more viscid, has not suffi- 
cient force to drag after it the solid 
parts formed, to break or push them 
forwards. The lava then stops at 
the bottom of the sack, terminating ^*g' 200.— I^ca-ctirrcn* arrested 
in a club-like mass (^g-. 200). The ^ on a slope. 

form, direction, and extent of these lava-currents vary according 
to circumstances, such as the degree of inchnation of the mountain 
side^, and the nature of the lava itself. Some volcanic products 
are so pasty they cannot run, but remain over the aperture, as 
occurs with certam trachytes, which then form more or less elevated 
domes. Others, such as various obsidians, which seem tp cool 
and harden quickly, are sometimes arrested in form of great tears, 

33. Do lava currents cool rapidly under all circumstances ? 

34. Is the foriDi direction, and extent of lava-currents always the same 7 
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eTen on steep slopes, as at Tenerifie. On the contrary, stony laras 
which cool slowlv and long remain flui4» are not arrested except 
on a horizontal plain. 

35. Various characters cfthe same lava, — ^Frdm what has been 
stated, it is certain that lavas cannot accumulate to a great thick- 
ness, or spread in sheets, except on a horizontal plain. The struc- 
ture of lava depends, in a degree, on its external arrangement. The 
vein, which is behind -the current, on a very steep slope, is, in parts, 
thin, scoriaceous, corded, and always very porous. On less steep 
slopes, the surface of pieces is more united, the pores are smaller ; 
on descents, at an angle of from three to five degrees, the dislocated 
parts are in plates of greater or less thickness, the structure of 
which presents a certain uniformity, and the centre is sometimes a 
Httle more compact, if the thickness is sufficient. In great flows, 
causing great accumulations on plains, where the depressions are 
filled up, all the inferior part becomes a compact, and, more or 
less, crystalline mass, which is porphyritic, because then it cools 
slowly and tranquilly ; in this case it is frequently divided, through 
its whole height, into columnar masses, generally normal on the 
cooling surfaces, and porous at the upper part only ; this is seen 
at Vesuvius and Etna, where the lava is very thick, and at Iceland 
in the immense deposit formed by the eruption of 1783. 

36. Veins of Lava, or Dykes, — ^It frequently happens, that in 
volcanic eruptions there is formed, on the sides of the mountain, 
crevices of greater or less breadth, through which the lava comes 
to the surface of the soil. These cracks are remarked for a long 
time after their formation, either from remaining partly open, or 
from the rapilli with which they are filled, leaving a kind of ditch, 
which may be readily followed. They may be ako recognised by 
the partial and crate'riform excavations of these debris, which all 
have the same line of direction ; sometimes they are distinguished 
by rolls of scoriae on the edges, which escaped while the lava was 
boiling in the interior; they also exhibit conduits of lava, which 
unite to each other the different cones of eruption formed on their 
fine of direction. It cannot be doubted that these cracks remain 
partly filled with the lava to which they gave passage, giving rise 
to veins, or dj/kes. ^SJpmetiroes the lava flows above the crack or 
fissure, forming sheets on the surface. Sometimes a coat or bed 
of lava is found in evident communication with a dyke, which, 
after having passed up through all the lower deposits, stops in* the 
middle of it (Jig. 201) ; and it is not rare to find several beds of 
lava lying one above the other, each one corresponding with a par- 
ticular dyke {Jig, 202), to which, no doubt, it owes its origin ; the 

35. Are the characters of lava always the same ? 

36. What are dykes ? Are all dykes precisely the same in character Z 
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most rec«nt of these dykes or veins being the one which has passed 
«p through all the inferior beds or tables, to form the upper one. 



Fig. 301. Fig. 302. 

SAeeti, or taUti of Lat>a, tsflA their eorretpondiag Dyket. 

37. The matter that constitutes dykes is rarely porous, except 
sometimes on the sides towards the rock encasing it ; it is fre- 
quently even of a finer grain than the table or bed in which the 
dyke terminates; its mass is sometimes divided into prisms per- 
pendicular to the sides of the fissure, which were the cooling sur- 
faces. This matter generally re- 
sists atmospheric influences, and 

it frequently happens that the t 

surrounding rock being degraded, a 

carried away by external agents, f 

the dyke remains projecting on i 

the side of the escarpment XjiB- '' 

303), or even rising out of thei\ j 

earth hke a wall. deatrwttiim of turrounding roekt. 

38, Gaaeoui volcanic pTodutt».~^ oXcaaic phenomena are ac- 
companied by the production of great quantities of various gases, 
some permanent, others condensable or soluble. These products 
consist for the most part of watery vapour ; but they are found to 
contain also various acids, and other matters sublimated from the 
volcano. Most of these gases are fatal when breathed. 

GueB,alwafg at a high tempersture and mixed with the vapour of wiler, 
net poweTfutly on the solid lurraunding inalters; they diaaggresate and 
deeompofle them in all wajs, reduce them to powder, to mud, and form new 
compoands of every kind. This happens in all solfata'raa, where it is ofUn 
neceEsarj to be cautioned against &lling into masaes of muddy matter, 
which U aonetimea very het, ■ But oolhing in comparable in this respect to 
the volcana of Java ; liie acid and aqueous vaponra which are (here in great 
abundance, deslroy the rocks and tbim a paste of them, which speedily 
becomes incapable of resisting the explosive action of tbe interior. These 
fearful eruptions take place, not of lava aa in ordinary volcanoex, bat of 
enormous masses of boiling grater, charged with sulphuric acid end thick 
mad, which destroy everything in their way, and cover the whole country 
with Bsulphurous slime the matter of which ii called bitah. This happened 
in 183-2, on the eruption of Galluns-Gung, which, with earthquakes and 
horrible noises, waa considerably sank, truncated at the summit, and entirely 
overturned. Torrents of hot sulphurous water and mud issued from rents 

37. What is the character of the matter constituting dykes 7 By what 
means are dykes sometimes naturally thought into view 7 

38. What are the characters of the gaseous products of volcanoes? How 
do gases affect surrounding solids? Do volcanoes ever eject modi In 
what condition is lava when gases are disengaged from it 7 
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■in the side of the mountain ; and many inhabitants were swept away in tl|e 
waters, or buried under deposits of mud, during the 8tb and 12th days of 
October. 

Muddy eruptions of Quito, — ^The volcans of Peru, which like those of Java 
have rarely produced lavas, vomit from their sides torrents of mud called 
ffioy«, sometimes sulphurous like the huah of Java, at others carboni'ferous. 
This happened in 1698, when the volcan of Carguarai'zo crumbled, covering 
more than 2500 square miles with mud ; and in 1797, when the village Pel- 
lile'o, near Rio-Bamba, was buried under a mass of black mud, &c. What 
especially characterizes the eruptions in Peru, and makes them very strange, 
is that the muddy waters which spying from the bosom of the earth, are 
filled with small fishes, species of which live in the neighbouring lakes ; and 
the quantity of them has been sometimes so great as to excite epidemic dis- 
eases by thieir putrefaction. 

Gases disengaged from Lavas, — It can be readily conceived that gases 
and matters of various kinds may be disengaged from the bowels of the 
earth, through fissures communicating with its surface ; but what is most 
remarkable, they are also disengaged from lavas, although on leaving tlie 
volcano they have no properties in common. As long as the lava is fluid 
and at a high temperature nothing escapes fi-om it, but the moment it begins 
to harden, and consequently to cool, gases are disengaged in more or less 
quantity. Streams, matters which filled the lowest levels, then constantly 
emit the vapour of water, hydrochloric acid, sal ammoniac, which are de- 
posited on tlie 8«rface, to say nothing of realgar, iron, &.C., which are some- 
times sublimed in the fissures or cracks. Consequently the lava itself must 
contain these matters, which remain engaged in it, we know not how, while 
the mass is fluid or pasty, and which are disengaged just in proportion as 
it solidifies and cools, and in a manner which leaves no afler-tracc. It is 
supposed that all these matters give to porous lavas, the power of preserving 
their fluidity for a much longer time than similar substances artificially 
prepared. 

39. Solid products of Volcanoes, — ^All the solid substances which 
volcanoes produce in great abundance, belong to the group of sili- 
cates, generally anhy'drous si'licates, and particularly to that divi- 
sion of those confounded under the name of feldspar. These are 
generally compound rocks, and substances more or less mixed, the 
principal base of which it is difficult to separate, and therefore 
they cannot be accurately classified : we are forced to resort to 
artificial divisions. 

1st. Tra! chyle (from the Greek trachus, rough) is a rock often 
rough to the touch, as its name indicates, composed of albite or 
rya'colite, sometimes compact, of a ceroid or vitreo-resinous, and 
occasionally earthy lustre, sometimes crystalline, the mass being 
finely porous, containing crystals of the same substances, and often 
also hornblende and black mica. 

Albite (from the Latin, albus^ white), a mineral so called from its colour, 
which contains si'Iica, alu'mina, and soda. A lamellar variety is found at 
Chesterfield, Mass., called Cleavelandite^ in honour of Professor Cleaveland. 

Rya'colite (from the Greek, ruax^ a stream, and lithos^ stone), is a glassy 
mineral, of a greyish-yellow to white colour, or colourless. Besides si'lica, 
alu'mina, and soda, rya'colite contains potash. 

39. What are the general characters of the solid products of volcanoes ? 
Whatistra'chyte? 
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HambUnde (from the Grerman), a kind of dark or black variety of mitfe« 
ral, belonging to the same group as tre'molite, acti'nolite, asbe'stus, &c« 

iiii'ca (from the Latin, mtco, I shine), is a mineral generally foufid in 
thin, elastic laminss, soil, smooth, and of various colours and degrees of 
transparency. It is one of the constituents of granite and its associate 
rocks. 

40. 2d. Obsi'dian (from the Greek, opsis, view, or after Obsi- 
dius, who first found it in Ethiopia], is a homogeneous, vitreous 
substance of various colours. By tne ancients it was used in 
place of glass, and is also called volcanic glass. It consists of si'li^ 
ca, alu'mina, with a little potash and oxide of iron. 

This substance is produced abundantly in the islands of Lipari 
and Teneriffe, the volcans of the Andes, and wherever volcanic 
apertures open in tra'chyte. 

41. 3d. Compact lava. A substance with a compact base of a 
deep colour, most frequently formed of la bradorite, containing crys- 
tals of the same substance, or of the feldspa'thic group in general, 
which in the mass presents a more or less distinct porphyritic struc- 
ture. Crystals of py'roxene, of am'phibole, black mica and peri- 
dote are also occasionally found. 

La'bradorite — Labrador spar. A beautiful variety of opalescent feldspar 
from the coast of Labrador : it exhibits brilliant and mutable tints of bhie, 
red, green and yellow, and is susceptible of a good polish. It is cut into 
small slabs, and employed in ornamental jewelry. It is a si'licate of alu'- 
mina, lime, and soda, with traces of oxide of iron. 

Py'roxene (from the Greek, pur, fire, and zenos^ stranger). The augUe, 
supposed to have pre-existed in the volcanic minerals containing it, and not 
to have been formed by fire. 

Am'phibole (from the Greek, amphiholos^ equivocal). A name applied by 
some mineralogists to hornblende, because it may be mistaken for augite. 

Peridote, or Chrysolite (from the Greek, ehru808^ gold, and lithot^ stone), 
from its colour. I'he topaz of the ancients. * . 

These substances constitute the centre of thick currents, the in- 
ferior part of the mass formed in excavations or hollows ; they are 
often divided into prismatic columns. 

42. 4th. Porous, or scoria'ceous lava, A substance of the 
same nature as the preceding, but rarely having crystals embedded 
in it, and its structure is porous, or cellular. These lavas consti- 
tute the upper parts of thick layers, and envelope lava currents 
and streams which rest on the surface of the ground. 

43. 5th. Pouzzolani, volcanic tufa. Masses of small scoria'- 
ceous fragments, or rapilli, accumulated around volcans, or earthy 
substances, which contain them in greater or less quantity. Pw- 
micc'-tufas are formed of fragments of pumice, and trdchytic con^ 
glomerates of fragments of tra'chyte, unite'd by crystaUine or eajrthy 
cement. 



40. What is obsi'dian ? 

43. What is scoriaVeous lava 7 

11 



41. What is compact lava? 
43. What is volcanic tufii 7 
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44. 6th. To these may be added scorise in tears, irregular 
stala'ctites scattered on the surface of volcanoes, and volcanic 
bombs, which are sometimes found at considerable distances. 

45. Volcanoes furnish annually but a small quantity of materials 
to the solid crust of the globe, and the upheavals they cause pro- 
duce very slight change in the elevation of countries where their 
action is manifest. Nevertheless, if we remember that a great 
number have been in action since the time of history, and observa- 
tion shows that a great many more were previously in action, we 
are led to the conclusion that volcanic substances are important, 
and their presence must have occasioned great modifications on 
the surface of our pknet. 



LESSON va. 

Influence of external agents on the surface of the earth. 
— Effects of the Atmosphere — Degradation — Effects of Winds 
— Dunes — Effects of Lightning. 

Effects of Water. — Dissolving power — Softening power--^ 
Denudation — Erosion — Effects of weight of PFater — Punning 
Waters — Debacle of Lakes — Mud4orrents — Slope of Torrents 
and Rivers — Rolled Flints — Transportation by Ice and Gla- 
ciers — Action of Waves-^Deposits formed by Water — Geysers 
'~- Structure of sedimentary Deposits — Ta*lus — Effects of 
Transport or JDrift — Effects of osciUaiion in Waters — Nature 
of Deposits from Water — Coral Reefs — Polypa'ria — Peat- 
bogs. 

• 

1. Atmospheric Effects. — Variations of temperature, the air, 
winds, dryness, and moisture, act very perceptibly on most mine- 
ral substances ; there is not a rock on the surface of the earth which 
does not present an appearance, externally, totally differing from 
what is seen internally, when it is broken. This is everywhere ' 
seen in escarpments formed by making roads, in mountainous 
countries, where it is necessary to cut through rocks ; the exterior 
is discoloured, and more or less extensively disaggregated, com- 
pared with the freshly-exposed interior. These effects are not 
solely produced by a great lapse of time ; a few years are sufficient 
for them to be shown, not only on the surface, but to considerable 
depths : these eflfects are seen in ancient quarries of marble, or of 

44. What other solids are produced by volcanoes ? 

45. What influence do volcanoes exert on the elevation of countries ? 

1. How are the effects of the atmosphere on rocks manifested? How 
does frost act on rocks ? Is a very long period of time necessary for the 
atmosphere to produce iti effects on rocks 7 
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certain granites, and in dressed stoni;. Tbe effect is more rapid 
. and perceptible, in proportion to the susceptibility of the substance 
to imbibe moisture, and to dry again; alternations which produce 
a very rapid disaggregation, when frequently repeated, as is gene- 
rally the ease in mountains. The substances which degrade most 
eflsily, are those of a granulatstriiciure,either earthy or crystalline; 
those of a foliated structure ; or compact masses, fractured and 
split on the surface, such as are often seen in mountains. Frost, 
when it attacks water absorbed by a body, is also a powerful cause 
of destruction, because the expansion consequent upon it produces 
a muliitude of cracks in all directions. As long as tbe cold con- 
tinues, its parts are held together by ice as by a cement ; but when 
a thaw comi-s, tbe whole falls in scales, grains, or dust. 

Mountains cannot be visited without meetin); evideol traces of degrada. 
tlan of thia kind. InUinestone escarpments {Jig. 304), weiee paxta<f loose 




Fig. 204. 1. 
Daily tffttti of dtgradalion.in maunlaiia, 
teztare, more or Ies> hollowed out, and the more aolid banks remain. Hence 
the IsUing af the latter, which are succexBivel; detached in mure or 1c 
Toluminnus blocks. In high mountainti (Jig. 305), often Tormed of i 
dined etrata, which present their cats or planes to the slope, we observe t 
moet marked degradations: parts are constantly detached, particularly 
limes of moet sensible atmospheric variations; at the inslsnl nfthaw, cni 
mous avalancliti tf tteati occur, and roll down the sides with aatonishinr 
rapidity, eweeping everything in their course j sometimes great blochs, and 
considerable portions of the mountain fall with Iremendof ■— " 



IS debris which accumulate a 
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8. Degradatiom attributable to these effects. — The degradation 
which many rocks present is aenerally attributed to atmospheric 
influences, long continued. Abnost all rocks, in fact, are more or 
less deeply changed, &nd are in a state of much less solid aggrega- 
tion, much less homogj^eneous, on the surface, than ihey are inter- 
nally. In almost all luarries, it is necessary to remove a great masa 
of matter, before obtaining blocks which are homogeneous, solid, 
free from cracks, and possessed of the bright colours which are 
ordinarily sought; this is especially the case with marble, and 
cenerallv, also, with compact limestone. Certain granites are so 
deeply disintegrated, that the whole surface of the soil presents a 

9. What is meant by degradation of rocki ? . What ue rockiog itonei t 
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mass of gravel in rounded hills, gullied by the rain in all directions. 
FrequenUy we find these granites on the surface of the toil, ia 
great rounded blocks, piled up one on the other {^g. 206), in the 
strangest manner, sometimes in unstable equilibnum, and suscep. 



Fig. 306. — Dtgradalimi of granite as ttm in difftTtnt plactt. 

tihie of oscillating from the slightest e^oit ; these are termed rock- 
ing ilones, in some localities. 

in moantainB where the grlnite it essil; decompoeed, vie often renMrk 
that the mane, more or le^s cut, is in a sort of horizontal sloriet^ divided by 
vertical BsBUiea, «o as to present a hind of ag'glomeratlon of irregular paiai. 
le'llipipeds. It IS HUppoeed that, in conaequence of atmoepheric influences, 
these ahgulac blocks are altered on their faces ind angles ; that the dieag. 
gregated parts are eucceBsively detached, producing rounded masses, piled 
on Each other like cheeses, as ne now see, sometimes, isolated on the surlice 
of the soil. 

3. Action of windi — dvnes. Although winds act but very 
feebly on solid mineral masses, they exert an important influence 
on deposits of fine movable sands. We know tlmt in the deserts 
of Africa and Arabia, the winds raise immense clouds of burning 
sends, conveying them from place to place, and suddenly produo- 
ing vast hills, sometimes quite high, which a new gale again de- 
stroys. All sandy sea-coasts are eiposed to similar effects ; the 
least gale sets the sands in motion, and produces, on the previously 
uniform surface, a multitude of wrinkles or ridges, parallel to eaco 
Other, separated by a greater or less interval, and each presenting 
a gentle slope towards the wind, and a more abrupt declivity on the 
opposite side, as represented (^^.307'); the next gust of wind sels 
all these ridges in motion, and each one is spon found to occupy the 
space which separated it from the preceding ridge. This pheno- 
menon of dunes, or downs, is seen in miniature on the sea-beaches ; 
and they sometimes invade immense tracts on adjacent planes. 
These hills, placed one behind the other, in a direction perpendicu- 
lar to that of the prevailing winds, are consianily in motion, and * 
constantly advance towards the interior of the land ; the wind fnan 

3. What are dunes ? How are the; formed? Wliat is inetuit by t^lua T 
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seaward drives the sand from the foot of the hillock {Jig. 207, a), 
to its summit (6), whence it falls in the line 6, c, forming at this 
point a falling talus^ always more abrupt than the first or rising 





Fig, 207. Fig, 208. 

Progress of dunes, or momng sands, 

ta'lus. The result of this is a single hillock, ab c, taken sepa<^ 
rately {Jig* 208), which grows behind, if new sands be furnished 
in front, or it is displaced, if the same sands are continually re- 
moved. Now, the wind acting on all these hillocks at the same 
time, the mass formed by them is found to have moved a certain 
distance inland, in a short time, while new heaps are formed in 
front, at the expense of the sands freshly washed up from the sea. 
It is calculated that dunes advance, in this way, twenty or thirty 
yards a year; so that it is evident there must have been a time when 
they were far from the places they have invaded. A great many 
localities are known, which have been submerged by these seas of 
sand. 

4. Lightning sometimes produces remarkable effects ; in a great 
many places and on various rocks, traces of fusion by thunderbolts 
in high mountains have been observed. According to the observa- 
tions of Friedier, when lightning penetrates sand, it often forms 
narrow, irregular canals to a great depth, the sides of which are 
consolidated by the fusion of quartz itself; and there are instances 
where considerable portions of rocks have been turned round, torn 
from their places and hurled to great distances by lightning. 

5. Effects oj Water. — Water plays a very important part in the 
changes which are taking place on the surface of the globe ; some- 
times by its dissolving power, but more frequently by its softening 
action, its weight, and especially by the motion that may be com- 
municated to it, and by the transporting power resuhing from its 
rapidity. The extent and importance of modifications from this 
agent ought to be understood. 

6. Dissolving power, — Water exerts a chemical action on some 
substances which it dissolves, either directly or by means of the 
carbonic acid it may contain. It acts directly on some salts which 
it meets here and there, or on some deposits of sulphate of lime, 
which it corrodes in various ways. When more or less charged 
with carbonic acid it acts on calcareous rocks, either under ground 
or where they crop out on the surface ; or in high mountains at the 
time snows are meking. In this case, the water generally pos- 
sesses itself of, the carbonic acid contained in the air, in greater 

— " 

4. What are the effects of lightnings on rocks ? 
5 By what properties does water produce its effects on rocks ? 
6. W^Mit effects result from the dissolving power of waler 7 
11» 
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quaUity than at other timea, io consequence oi iu low temperature ; 
and running over calcareous masses, it ibrma furrows which gra- 
dually deepen, and sometimes cause veiy considerabte falls of rock. 
These slow effects of water are particularly remarked in the Alps 
and Pyrenees, where the snows remain a part of the year, and 
melt by degrees in the fine season. 

7. Softening power. — Water, by penetrating argilla'ceous beds, 
sometimes softens them so much, that they cannot remain on the 
slopes they occupied, and fall from their own weight ; this is the 
cause of many falls or slides in sedimentary formations. One of 
4be most remarkable catastrophes of this kind happened in 1806 
•t BufBbei^ or Rossberg in Switzerland, after a very rainy sea- 
BOO. The argillaceous matters which cemented the rolled flints 
farming the mountain becoming softened, a mass of more than 
60,000,000 of cubic yards was suddenly detached, and precipitated 
into the vailey, forming in it hills sixty yards high, and burying 
Beveial pillages under masses of mud and flints. We often see, 
on a small scale, thick beds of rock gentiy slide to the botrom of 
Valleys, on softened ai^lta'ceous beds which supported ihem, and 
tranquilly displace plantations and even the inhabitants on them, 
without the proprietors perceiving it at the first moment. 

8. Waters which filler through rocks to argilla'ceous layers 
w4iiph may arrest them, and on the plane of which they are 
directed to the surface, sometimes soften these substances also, 
earryiog away parts successively, and especially sands that may 
Wst on ihem, laying bare in this way underlying beds : this is 
termed denudation. There results from this, at the point where 
the water breaks forth from the declivity of hills, mtfre or less ex- 
teBsire voids, which leave the solid superposed masses without 
support, vhich are theit dislocated in difterenl ways (fig. 809) and 



Fig- 209- Fig. 310 

BtearprntJilt pradvetd by thi action ofaater. 

Boon overthrown. This is frequently seen in certain escarpmenta, 
at the base of which are found argilo-arena'ceous layers which con- 
duct the springs externally. 
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fK j£!r(mo9t«—- Something anabgous happens when waters, which 
washing the foot of a mountain, meet there with suhstances that 
they can easily soften or disaggregate. These substances being 
destroyed, the upper parts of the soil are soon undermined, and 
more or less considerable falls occur. This takes place on sea- 
coasts, on the shores of lakes or rivers where more or less elevated 
escarpments are formed, and more and more degraded. The 
same thing happens sometimes at the foot of cascades which fall 
over rocky peaks (Jig* 210), forming alternately calcareous and 
argilla'ceous deposits ; the latter are disaggregated, and borne away 
little by little by the waters which exude on the parietes or jet 
forth after the fall, and other layers being undermined must fall 
sooner or later from their own weight. In this case the cascade 
cuts deep into the soil, and the same being successively repeated, 
necessarily fdrms a gorge or bed the whole length of the rivulet, 
which deepens more and more. It is in this way that the falls of 
Niagara, by which the waters of lake Erie are precipitated into 
those of lalre Ontario, have sensibly receded since the discovery 
by Europeans, and probably have excavated the deep bed througu 
which they afterwards escape. 

^ The waters, afler catting through strata of limestone, aboat fifty feet 
thick in the rapids, descend perpendicularly at the &Ils (of Niagara) over 
another mass of limestone about ninety feet thick, beneath which lie soft 
shales of equal thickness, continually undermined by the action of the spray, 
driven violently by gusts of wind against the base of the precipice. In 
consequence of this disintegration, portions of the incumbent rock are left 
unsupported, and tumble down from time to time, so that the cataract is 
made to recede southwards. The sudden descent of huge rocky firagments 
of the undermined limestone at the Horse-Shoe Fall, in 1828, and another 
at the American Fall, in 1818, are said* to have shaken the adjacent country 
like an earthquake. According to the statement of our guide in 1841, 
Samuel Hooker, an indentation of about forty feet has been produced in the 
middle ledge of limestone at the lesser fall, since the year 1815, so that it 
has begun to assume the shape of a crescent, while within the same period 
tiie Horseshoe Fall has been altered so as less to deserve its name. Goat. 
Island has lost several acres in area in the last four years (prior to 1841) ; 
asd I have no doubt that this waste neither is, nor has been, a mere -temporary 
accident, since I found that the same recession was in progress in various 
other waterfiills which I visited with Mr. Hall, in the state of New York. 
Some of these intersect the same rocks as the Niagara — for example the 
Genesee at Rochester ; others are cutting their way through newer forma- 
tions—Allan's creek, below Le Roy, or the Genesee at its upper falls at 
Portafife. Mr. Bakewell calculated that, in the forty years preceding 1830, 
the Niagara had been going back at the rate of about a yard annually ; but 
I conceive that one foot per year would be a much more probable conjecture, 
in which case 35,000 years would have been required for the retreat of the 
fiills f^rom the escarpment of Queenston to their present site, if we could 
assume -that the retrograde movement had been uniform throughout. This, 
however, could not have been the case, as at every step in the process of 
excavation, the height of the precipice, the hardness of the materials at its 

9. What is meant by erosioa? Wh«t are the effects of erosion? 
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base, and the quantity of fitllen matter to be remored, moat hare varied. 
At some points it may have receded much faster than at present, at others 
much slower ; and it would be scarcely possible to decide whether its ave* 
rage progress has been more or less rapid than now." — LyeWa TraveU in 
North America, 

10. Effects of weight. — ^Water acting by its own weight like 
other bodies, evidently often contributes to such land-fails as we 
mention, and also exerts a powerful action on the dykes and bar- 
riers which retain it. We see the unhappy effects of inundations, 
to which certain countries are subject from their vicinity to rivers, 
lakes, or seas, retained by natural or artificial dykes. 

11. Action of running waters. — ^To the softening action and 
weight of waters is often added a new power, from the motion 
they acquire by running over steep descents. This force is some- 
times prodigious. The effects are seen after storms which pass 
over moveable substances, in the deep ravines found to have been 
excavated. These effects are in proportion to the mass of water, 
and the rapidity of its motion on a particular point. When a hur- 
ricane or violent storm bursts on a mountain, the soil is often found, 
unless it consist of living rock, removed and gullied to great depths. 
The numerous fissures on the surface of rocks faciUtate the action 
of waters, and a considerable mass of fragments is soon detached, 
which increase more and more the destructive power of the current. 
Then blocks of every size are loosened, torn from the mountain 
and transported to great distances, multiplying the eflfects ten or 
even a hundred fold, in proportion to their mass and rapidity of 
motion. Hence we have great ravines on slopes that were pre- 
viously unbroken, and an immense accumulation of debris at the 
foot 01 the mountain, and especially where the soil or the swiftness 
of the stream abated. Torrents swollen by circumstances of this 
kind, or bv the sudden melting of snows, also produce frightful 
ravages; iriey sweep- everything in their way, even the living rock, 
which they soon attack forcibly by the fragments and blocks they 
swiftly urge along. Nothing is more terrible than this kind of 
water-course, and to forih an exact idea of the effects one must see 
a gorge through which it has passed, sometimes rolling along rocks 
measuring ten or fifteen cubic yards. 

12. Debacle of Lakes. — ^Lakes which sometimes form in vaileyi^, 
by avalanches or falls of land, constituting a barrier which retains 
them, are most fearful in their debacle (sudden escape of their 
waters from breaking of their barrier), in consequence of an enor- 
mous mass of water rushing forth in a few seconds. Scarcely does 
a flow begin through a few rents, before the first opening rapidly 
enlarges, and in an instant the whole dyke is carried away. An 

10. Does the weight of water contribute to its effects 7 

11. What are the effects of running waters 7 

12. What is meant by debacle 7 What are the effectB of debacle 7 
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enormous volume of water is then precipitated with extrane vio- 
lence, and nothing can withstand the combined effects of its mass 
and rapidity. All is overturned, and the most solid rocks, if they 
project, in the'least, across the direction of the current, are instantly 
torn away, broken, and transported to great distances. The clear- 
ing is so complete, at the origin of the current, and in the narrow 
passages where the slope is rapid, that the exposed rock seems to 
have been cut by the hand of man. 

13. Mud'torrentSy from one cause or another, are also formed, 
which are not less terrible in their ravages. It sometimes happens, 
as in Ireland, that turf-beds placed on a sHght decHvity, after being 
swelled, more or less arched by retaining rain-water beneath them, 
cannot resist the first heavy shower, and are set in motion. They 
run then, in spite of the consistence of the mud, and the gentleness 
of the descent, with prodigious rapidity, and sweep everything 
they meet. Under other circumstances, the rain-waters soak in 
loose, aigilk'ceous' substances, accumulate in the* midst €& them, 
and, at a certain moment, the dykes of the reservoir give way, and 
a torrent of thick mud, filled witn fragments of rock and even blocks, 
suspended in the viscid mass, is formed, and rushes with fearful 
rapidity, overturning everything, and cutting deep ravines. 

14. Slopes of torrents and rivers. — The disastrous effects of 
torrents are in proportion to the descent on which they move ; but 
it does not necessarily follow that their bed must have a very con- 
siderable inchnation. The most rapid torrents, forming a continu- 
ous bed and carrying rocks a half-yard in diameter, have a descent 
of only one or two degrees, and ma^y rivers flow very swiftly on 
a much less slope — a descent of from three to four minutes 
(sixty to a degree) is about the limit for navigable rivers. 

15. Foiled flintSy or pebbles, — In the ravages produce^, by 
water-currents, the debris torn from mountains are transported to a 
greater or less distance, accordingly as the inclination of the soil 
permits the current to maintain its force for more or less conside- 
rable distances ; but in proportion as the slopes diminish, the swift- 
ness decreases, and the larger blocks successivdy remain behind, 
at the bottom of the valley, and then those of snMifier size, and suc- 
cessively the sand and mud, which are often carried enormous dis- 
tances. In this roUing of different substances, the blocks and frag- 
ments sinking during their transportation, rubbing against each 
other and against the soil, gradually lose th^ir prominences and 
angles, and in the end become completely rounded, forming what 
are termed rolled JHnts, which may be more or less voluminous. 

1 3. How are mud-torrents formed ? What are their effects ? 

14. Upon what do the effects of torrents depend ? What b the rate of the 
slope of beds of rivers that are navigable ? 

15. How are rolled flinU and pebbles produced? Wha^tsmg^ 
What b sand ? j^\^ ^ny 

^ OF THE 
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All the lower part of torrents, where the soil is sufficiently flattened, 
or the enlargement of the valley permits the waters to expand, 
diminishing their depth, and consequently their rapidity, is gene- 
rally found covered with these flints, which are sometimes accumu- 
lated in immense quantities, and through which, in its ordinary 
course, the stream meanders in different ways, in a bed it forms 
and often changes. Rivers and lakes into which torrents empty, 
and where they consequently lose their swiftness, are often loaded 
with these flints ; and this is the cause of the constant elevation of 
the bed of the river Po (see page 15). Grovel and sand, which 
are merely small flints, the mud which results from their friction, 
and the earthy particles removed, are always transported far, either 
immediately into lakes, or seas, or rivers, which deposit them on 
their banks, and especially at their mouths, which they more or 
less obstruct. 

16. Rolled flints, or pebbles, are also formed by the action of the 
waves on fallen rocks. In this way, on the coasts of France and 
England, the silex, or flints of the chit Ik, are rounded, by being 
rubbed against each other, and constitute considerable banks of 
pebbles or shingle. Something similar must have taken place at 
points now far inland, where we find blocks round and smooth, at 
a short distance from rocks from which they were evidently de- 
tached. 

17. Transportation by ice and glaciers, — On the shores of 
northern seas, the ice envelopes blocks and masses of rock, which, 
at the breaking up, are floated away on ice-cakes in all directions, 
and deposited here and there, wherever they may^ ground, or fall 
to the bottom of the sea. In this way, in Canada, Greenland, and 
on the coasts of Nova Zembla, &c., very voluminous blocks are 
transported from one place to another, and often to very conside- 
rabre distances from the point of departure. There is no doubt 
that many small debris, embedded in the ice, are transported in the 
same w^y, and form adventitious deposits of more or less extent. 

18. Glaciers, ihat is, beds of ice occupying the high valleys of 
lofty mountain chains, are also very remarkable means of trans- 
portation. Various circumstances (their great weight chiefly) 
keep these deposits in constant, though very slow motion, from 
half an inch to an inch an hour, descending along the slopes on 
which they rest ; now, the surface of these glaciers is found to be 
covered with fragments and blocks which have fallen from the 
surrounding mountains, and the whole is conveyed from the upper 
to the lower part ; and blocks, often of enormous size, are carried 

1 6. Are rolled flints, or pebbles, produced by running water exclusively ? 
What is shingle ? 

17. How are rocks transported by ice ? 

18. What are glaciers? At what rate do they move? What are 
moraines ? 
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without friction to considerable distances from their place of origin. 
These debris, from several causes, always accumulate on the late- 
ral parts of the glacier, against the side of the valley, and fre- 
q[uently in the middle also, from other valleys emptying laterally 
into it, from which result long, slender hills, designated under the 
term moraines. All these debris, having reached the inferior ex- 
tremity of the glacier, tumble into the valley on its slope, and form 
at its foot other moraines often of considerable height. If, after 
having increased for a certain time in consequence of a series of 
cold summers, the glacier diminishes again by a succession of 
warm, prolonged simmiers, the moraines of different kinds, aban- 
doned by the ice, are left on the soil ; some form dykes, of more 
or less height, at the bottom and across the valley, and others long 
lines on the flanks of the valley, at a greater or less elevation. 

19. It must be borne in mind that the slopes on which glaciers 
move are always much greater than those of rivers, and that they 
never descend at an angle of less than three degrees. This must 
^so be the minimum slope of masses of debris resting on the sides 
of the valley, in consequence of the rapid melting of the glacier. 
Thus we have a means of distinguishing the remains of lateral 
moraines from deposits which may have been made by water-cur- 
rents, the slopes of which are very much less. 

20. Strise, channels, poHshi'ng of rocks, — Among the effects 
produced by the motion of a glacier loaded with debris, and moving 
slowly over the exposed face of a rock, is a rubbing, wearing, and 
polishing of the surface which is passed over. The angles of the 
rocks passed over are rounded ; deep undulating grooves, nearly 
parallel and longitudinal, are cut in the surface, and the polished 
surface of the rock passed over is scratched with fine striae, even 
when it is of the hardest quartz. These effects are well known 
to be produced by modern glaciers. 

21. Action of the waves and of fides. — ^Waves exert an enor- 
mous power, particularly where rocks are abrupt and directly ex- 
posed to the open sea. The shock is sometimes so great that the 
earth trembles beneath the feet ; great blocks of stone are torn 
up and carried far inland, pushed up against the inclination of 
the shore, sometimes thrown up vertically on projecting points, 
where they afterwards roll about like small pebbles : heavy banks 
of sand and of shingle are often removed, and entire countries 
have been in a moment destroyed. 

Chronology and tradition of maritime countries furnish numerous in- 
stances of successive changes, of instantaneous disasters which have oc 
curred in a great many localities. Immense ones have taken place, and 
every day new ones occur on low, sandy coasts, bordering the sea, in many 

19. What is the least slope or angle at which glaciers move ? 

20. What effects are produced on rocks by the movement of glaciers 
loaded with debris ? 

21. What is the effect of the action of waves 7 
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parta of the world : we have ftmooB eiamplei fiom the moatln of the Scbeld 
to the cidbI of Jutland, wbere the Biea-Bouh, the Harlem aea, the Zafder- 
Zee, the Dollart, iiavo been prodnced in the eiliaordioitr; imiptioM of the 
ocean ; where numerous ctiu^ei have taken place in the islands, from the 
Teiel to the mouths of the Elbe, in the winding of Lymfiord, or on the 
coasts of the Cattegut and of the Baltic : immense cuts, bays, and deep 
golfs are formed during tempeate, and tliese are (till daily foiiaing by the 
ordinary action of the wairei, which BOmetitnes carry away banks (^ ttai, 
and sometimea destroy the dykes they had already formed. 

33. The action of waves ia not confined to moreable soils, bnt 
takes place od the most solid rocks ; and hence thoae daily modi- 
fications in the enormous precipices found on the coasts of France, 
England, and almost all parts of the world. The more abrupt the 
coast, the more it is exposed to denudation from the waves, because 
directly breaking them, the shock is felt in all its force. On flat 
coasts, on the contrary, the wave meeting with no obstacle, ad- 
vances as long as its force lasts, and until its rapidity is sensiU^ 
knt ; and it carries up in sand and pebbles much more then it 
destroys, even on the moat moveable soils. The natural disposi- 
tion of solid beds is sometimea opposed, and at others favoumble 
to the action of waves; it is opposed when the beds, being uniform 
and homogelieons, incline towards the sea ; because the return of 
the wave along the slope or ta'lns diminishes the action of the suc- 
ceeding wave, the remaining force of which is spent in merely 
. ascendmg the plane: the waters are spattered only by the crevices 
and fissures that may exist in the rock. But tbe same is not the 
case when the soil presents an escarpment to the action of the 
waters (Jigs. 311, 212): the lower parts, continually attacked by 



Fig.Sll. K^.313. 

Action of uatws on abmpt rackt. 

reiterated shocks of waves, which nothing contributes to diminish, 
are degraded and excavated successively, and with a rapidity in 
proportion to the facility with which the substance is disa^regaled ; 
the upper beds being soon undermined, are not long in oeing pre- 
cipitated into the sea. In this way considerable portions of coast 
have been overturned at different limes, promontories have disap- . 

S3. Are all coasts etgually subject to the action of wavei. What circiun- 
■taucea diminish the eflects'of the action of waves T 
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e-ared, and others have been cm off and separated. from the maia 
nd. These effects are more rapid in places where a deep sea 
swallowa up the deiached blocks, or i^those where the force of the 
waves is sufiiciently powerful to break up the debris, and near 
them one against the other and successively remove them, so that 
the foot of the escarpment always remains bare. 

23. When masses of debris falling from precipices are not im- 
mediately removed, a natural rampart is formed against the action 
of the waves, which break before 
reaching the foot of the escarp- 
ment {Jig, 213); then it is only 
. in a long time that the debris are 
worn, rounded, and carried away 
little by lillle, depending on the 
solidity of the rocks of which 
they are formed. These natural 
ramparts are imitated aa much as 
possible by piling rocks before 

the ta'lus we wish to preserve on Fig. 213.— Aectimuiadon of debrit 
sea-coasts or river banks npjxMJnj the action of teavei. 

34. To the action of waves must be attributed certain excava- 
tions frequently found, on a level with the sea, in calcareous preci- 
pices, as well, perhaps, as the arehes of greater or less height 
which traverse certam promontories. Nevertheless, this action 
(Joes not immediately produce great results, except on matters 
easily disaggregated, such as chalk, clay, and arena'ceous sub- 
stances, and it is infinitely slow on more compact and harder sub- 
stances : in fact, there are points where no effect whatever has 
been produced within historic times. The erosive power of water 
does not explain all these facts, nor even the impetuous force of 
waves ; the soils on which this power is exerted are cracked in all 
directions, either by previous action, or at the moment of earth- 
auakes, accompanied by violent agitations of the sea, and it is 
tnen they yield to the combined forces to which they are exposed. 
By this means we can account for isolated rocks, for islands in the 
vicinity of continents, for (hose great gaps through which the sea 
finds passage, for those groups of split rocks which form shoals in 
the midst of the sea, and for all those severings so common and 
varied on the coasts of France and Ena;land, in numerous islands 
that extend towards the North Sea, and in a great many locaUlies 
{/^». 314,215). 

25. Deposits of detritus formed by waters. — Ahhough waters 
conlinuaUy dej^rade certain parts of the globe, they create in a 
measure new deposiis proportioned to those they remove. Tor- 

23. What eircimiBtancc protMla coasts from tho action of wavea T 

24. Wbat effects are attributablo to tijc action of waves t 

35. How are deposits formed froiD water T 



ACTION OF THE WAVES AND OF TIDES. 



Examplr$ oj roeit trodtd and ihaped by tcattri. 
rents, after having lorn away blocks and fragments of rocks, re- 
duced them to rolled flinls or pebbles, aiid carried them to a greater 
or lesa distance, deposit thrm, in proportion as the swiftness of the 
waters diminishes, in the inferior parts of valleys they run through, 
or at their confluence with rivers, or in lakes. Hence the masses 
of debris, sometimes immense, the coarse parts of which are ce- 
mented by the mud, they deposit at the same lime, 

26. Great rivers, running through vaiieya of Jitlle inclination, 
generally leave behind the coarser parts tney have received, and 
rally hear forward those whose weight is in relation to their foKe ; 
but as their slope diminishes more and more, becoming almost in* 
sensible towards the end of their course, ihey deposit ihe matters 
they carry, and in this way generally elevate their bed; and 
finally ihey even bar up their passage, and divide into several 
branches, each of which cuts ils way through sands. Rivers have 
in this manner covered flat countries through which they puss 
with sand to a considerable depth and extent. In great Irethets 
these sands are often taken up again, transported from one point to 
another, forming islan^is in the middle of the river, or alluvions on 
one of its banks, while the other is hollowed out. In rivers, lakes, 
or seas, these deposits become most remarkable. Thfre, if the 
current is not rapid enough to carry the debris lo a distance, in 
spite of the opposition ortranquil u'aters, or if the waves have not 
sufficient force to remove the sands and mud which have been 
deposited; they form deltas at the mouths of certain rivers [see 
page 16). 

27. The sea itself, which in so many places has made breaches 
in the main land, in others, heaves up and accumulates t^normous 
quantities ofpebbles, formed by the trituration of rocks fallen from 
precipices, or masses of sand and mud produced by the waves, or 
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brought down by rivers. In this way banks and beaches, of greater 
or less extent, are formed on coasts, the finer parts of which, car- 
ried inland by the wind, form dunes (see page 125). There are 
ifiahy places where accumulations of this kind are daily formed, 
and many points of coast have been invaded by deposits from the 
Sea from remotest times : sometimes, by a single irruption, entire 
kingdoms have been covered by sand, and fertile countries changed 
to arid plains, either in extraordinary tides, or in tempests, or by 
the sudden displacement of waters consequent on earthquakes. 
Low countries, exposed to these alluvions^ daily grow at the ex- 
pense of the waters, and, at certain points, this growth has been 
estimated at several yards a year. Bays and ports have been filled 
up in this way ; buildings and towns, formerly situated on the sea- 
shore, are now far from it; lakes have been transformed into 
marshes, marshes into solid land, and islands joined to the main by 
sands deposited around them. The sea, in some instances, contri- 
butes to the growth of deltas. 

28. Torrents and rivers transport not only mineral debris, but 
also organic remains, immense masses of plants, detached from 
ravines, or by falls. Here and there' great masses of materials are 
formed, especially in rivers which are bordered by immense forests. 
Great deposits of debris of this kind are formed in the Mississippi 
and its tributaries ; they there form immense rafts of trunks of trees, 
interlaced, which are stopped here and there by the sands, and 
finally are buried under the enormous alluvions daily deposited. 
The mass of plants that the river carries is so considerable, that it 
has been estimated at several thousands of cubic yards per hour. 

29. Currents of the sea also often transport immense masses of 
various vegetables, marine plants, and orgapic debris of every kind, 
and from all climates, which are here and there deposited in the 
bays these currents meet in their course. This is especially the 
case as regards the great Atlantic current, the Gulf Stream, the 
strongest and most considerable of all, which extends along the 
coast of North America to the icy regions, where the polar currents 
accumulate these debris with those of other parts of the world. 

We cannot doubt, on reflecting on the quantity of debris borne by the 
waters, that lakes which receive rivers are filled up, little by little, by the 
matters daily brought into them; this is evident, in some places, where 
marshes and considerable alluvions are thus formed. The same must be true 
(rf the bottom of the sea, where all waters finally come ; it is easy to con- 
ceive tliere must be daily formed considerable deposits of all the substances 
which are carried there, as well as of those washed away by the waves, and 
of all the remains ^f animals which perish in this vast abyss. 

30. Deposits of substances held in solution. — Waters degrade 

28. Are all the materials, transported by waters, of a mineral origin ? How 
are the rafts in the Mississippi formed ? 

29. What eS^ta are due to currents of the sea ? 



lae DEPOSITS OF SUBSTANCES HELD IN SOLUTION. 

. , r I I. ■ - II ■ ■■ I II I ■ ■ I- — i-.i.i I . ■ I. — ■ ■ ■■ m^ 

' ' ' % 

and carry away different substances ; some they also dissolve, and 
afterwards deposit them, by evaporation, in form of solid sediments, 
which are sometimes more or less crystalline. To the infiltration 
of these waters, for example, is due all kinds of stala'ctites (from 
the Greek stdlassd, I drop), which form in various subterraneous 
cavities, and especially large in caverns found in calcareous coun- 
tries. Certain waters are rich in dissolved materials, and suffi- 
ciently abundant to give rise to extensive deposits on the surface 
of the earth. Those particularly, which, by carbonic acid, hold 
a great quantity of carbonate of lime in solution, and which, from 
abundant or numerous springs, give origin to rivulets and even 
lakes, at the bottom of which is daily formed what is called traver- 
tin or calcareous ivlfa. These waters are met almost everywhere, 
in calcareous regions. Scattered over a flat country, or on the slope 
of a valley, these waters incrust the plants growing there, and, 
from these agglomerated and superposed incrustations are formed 
considerable rocks, the mass of which is consoHdated by waters 
which percolate the interstices they meet, and render the whole 
solid and uniform. When these waters flow over slopes free from 
vegetation, they deposit thin and successive layers, following the 
undulations, the wnole forming compact masses which daily grow 
in thickness. In lakes into which waters of this kind flow, hori- 
zontal beds of solid calcareous matter are formed, which are often 
filled with fluviatile, and even terrestrial shells, daily brought 
into it. 

31. Sands washed up by waves, either in fresh- water lakes or 
seas, are daily consolidated by waters more or less charged with 
carbonate of lime. Examples of this kind are seen in the sands 
of lake Superior, in those of the gulf of Messina, at several points 
on the coasts of England, of the West-India islands, chiefly at 
Guadaloupe, New Holland, &c. These arena'ceous substances 
often become sufficiently solid for building purposes. 

32. Sili'cious deposits, — ^A great many mineral waters, pg^rticu- 
iarly those which are warm or hot> contain, besides carbonate of 
lime, a certain quantity of silex (from the Greek chalis, a pebble) ; 
on this account many calcareous tu'fas are more or less silicious. 
But there are springs in which the silex is sufficiently abundant to 
form considerable deposits of hydrated sili'cious deposits, some- 
limes nearly pure, and sometimes mingled with other substances. 
The tu'fas of the geyser in Iceland are deposited for nearly a 
quarter of a league round the spring, three-quarters of a yard thick. 
One of these geysers (a word which according to some means 
spouting, and furious, according to others) spout* up every half 

30. How do waters form deposits from matter held in solution ? What 
are stala'ctites ? 

31. By what means are sands consolidated ? 

33. How are sili'cious deposits formed ? What is a geyser 7 
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hour a column of boiling water, eighteen feet in diameter and one 
hundred and fifty feet high. Analogous springs of hot water exist 
in the Rocky mountains, and in India, as well as in Saint Michael's 
(Azores), where the sili'cious deposits are found \n thin beds, alter- 
nating with argiUa'ceous substances which the same waters bring 
from the interior of the earth. Organic remains, particularly vege- 
table, are found in all, some of which have passed into the sili'cious 
state, while others have disappeared, leaving only their impressions 
behind. 

33. Structure of sedimentary deposits, — Effects of land-falls.-^ 
If we examine deposits of de'tntus, formed at the foot of mountains 
by the daily destruction of its rocks, it will be seen their slopes 
are very variable, the greatest not exceeding an angle of forty-five 
degrees, and the least being seldom less than twenty degrees ; the 
variations between these limits are found to be in relation to the 
size, the form of the fragments, and circumstances of the fall, 
rather than to the nature of the substances themselves. Hence it 
is, if, at different succeissive fallings, there are variations in the form 
of the fragments and in the circumstances of the fall, there will be 
an accumulation of deposits, the slopes of which will be succes- 
sively less, and which, in ravines 
excavated by water, will have 
nearly the arrrangement repre- U_ 
sented, a, b, c, d, c, (fig. 210), g 
where each additional deposit is *'^ 

thicker at its base than at the 

upper part. It is evident the ^^t 

i|ame thing may take place in — .— \ 

stagnant waters; whence it fol- ^^ a^ ' ^^^^^^ "'^^^^^ 

lows that from the fall of a river r,- m ^ »r t j- m- 

1 % ',^_ . i_ 1 i^Jfi-. 216. — Talus from falling, 

into a lake with steep banks, a * j j & 

very considerable ta'lus may be formed, and from different acces- 
sions or growths, which bring materials of different form and size, 
deposits similar to those just mentioned may be produced. 

34. JSffects of transport, — If in some places, even under water, 
beds may be deposited at an inclination of from twenty to forty-five 
degrees, it must not be inferred that the same is true of extensive 
deposits, where running waters, if unimpeded, may force the debris 
in every direction. Here the inclination of the ta'lus is much less ; 
they never attain even the minimum angle of slopes formed of 
fallen matter, and never reach even ten or twelve degrees, only in 
exceptional cases of very rapid torrents, or rather of true cascades, 

. at the place where they fall into a transverse valley, and where 
there is as much matter tumbled down as transported. The beds 
of the most rapid rivers are much less inclined, and the successive 

,. . - . — _- - - — — - ■_ — , ■■ ■ ■ - ■- — ^— ^ 

33. What is the structure of deposits from laad-falls ? 

34. Is the angle or slope of a ta'lus always the same 7 

12* 
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deposits are for the most part nearly horizontal. Gravel and sand 
which the waves wash upon coasts, are also deposited at very 
small angles, and slopes of ten degrees are exceptions, even in 
localities exposed to the strongest billows ; most frequently they 
are much less, and nearly horizontal. 

35. It frequently happens, during the drift or transportation of 
matters by currents, and by freshets in rivers, when the bottom is 
disturbed, that efiects analogous to those of sea-winds on dunes 
are produced. Ridges are formed across the current ; various mat- 
ters, pushed over these initial hillocks, accumulate behind them, 
forming a ta'lus of successive fallings, which impart the structure 
represented in /?fi". 217. If the river change its course, the undu- 
lated surface of the first deposit is soon levelled, and quiet deposits 
are formed above (fig* 218), from which the preceding may be 
distinguished by the particular structure attributable to the circum- 
stances of its formation. 





rig, 217. Fig, 218. 

Structure produced by the transportation of material. 

These effects, resulting from a mixture of rapid and tranquil 
deposits (that is, deposits formed from rapid currents and tranquil 
waters), are very clearly seen in alluvions on river banks, and par- 
ticularly in deltas, which terminate their course when the waters 
have excavated some ravine near by. We then perceive that the 
mass of the deposit is formed of horizontal layers, having a surface 
more or less undulated {Jig* 219), which are distinguished from 




d 
Fig, 219. — Structure of alluvions in rivers. 

each other by the size of the component parts, by the colour, by 
the structure produced by rapid accumulation, either by pushing 
forward the matters in the direction of the ordinary current, as in 
the deposits a and 6, or in a different direction, as m the deposit c, 
which indicate counter-currents formed at one time or another. 
Often there are particular masses, d, formed here and there, which 
ordinarily consist of coarser gravel, or of different organic debris. 

35. What effects result from transportation or drift ? 



EFFECTS OF OSCILLATORY MOTION. 139 

■ I I ■ ■ ■ ■ I I !■ I I ■ I W ■ ^ M* — ■ .1 ■ ■ .1 ■ I ■ I —I I ■■ ■ I ■ , I I ■■ I ■■ ■ M I ■ IM I . I ■ » ■ I II I ■■ I ■ I I I I I.I, , I , .^^ 

36. Effects of oscillatory motions — Great masses of water, sub- 
ject, like the sea, to undulatory motion, present another order of 
facts ; not only are suspended substances deposited there in hori- 
zontal beds, as a more weighty fluid would do, but the slightest 
agitation does not permit any material particle to be solidly fixed 
on planes of the least incHnation, but tends, on the contrary, to de- 
stroy all inequaUties of the bottom. It is impossible to ascertain 
positively these effects at the bottom of the sea ; but the immense 
number of soundings, taken in all parts of the ocean by navigators, 
show that all moving bottoms have very slight inclination ; that 
slopes, at an angle of half a degree, are rare, and that all above this 
are exceptions : hence it follows, that in great masses of water, 
beds formed by successive deposits must be entirely horizontal. 
This fact is most clearly exhibited in certain lakes, which have 
been entirely or in part dried up, where alternations of beds, of 
every kind, are seen to be perfectly horizontal ; lakes Superior and 
Huron furnish examples of this kind. 

3^. This disposition of various matters deposited from water, 
bed by bed, at the bottom of rivers, lakes, marshes, is termed atrcUi- 
Jication ; the deposits themselves are said to be straMed, This • 
circumstance eminently distinguishes deposits formed by water, 
from those produced by igneous fusion, which are most frequently 
massive, or irregularly divided. 

38. Nature of deposits — organic ranains. — ^Beds of alluvium 
are formed of rolled flints, gravel, and sand, as well as of various 
kinds of mud, analogous to matter called clay or argil. They 
are more or less consolidated, as much by their own weight, 
as by waters charged with carbonate of lime, or various matters 
which may penetrate them. In lakes, we see calca'reous and ar- 
gilla'ceous marls, which have the property of hardening in the air, 
as has been observed in certain half-dried lakes in Scotland, in 
modem building-stone found in Hungary, and in lakes Superior 
and Huron. Similar formations doubtlessly occur in the sea, as 
waters are sufficiently calci'ferous to consolidate the sands thrown 
on its coasts ; and the nature of upheaved deposits, in many places, 
leave no uncertainty in this respect. 

These deposits are frequently filled* with remains of all the organized 
creatures now living on the surface of the globe. In river alluvium we find 
remains of fluviatile shells that still live in the same localities, or land shells, 
such as various snails, brought thither by rivulets ; there are branches and 
trunks of trees, masses of plants, more or less changed, sometimes partly 
bitumenized, bones of terrestrial or aquatic animals, rarely human bones, 
but frequently the remains of art, such as fragments of brick and pottery, 

&4S, 

■« ■ ■ 

36. What is the position of strata formed under the influence of undula- 
tory motion of water ? 

37. What is meant by stratification 7 

38. Of what do beds of alluvium consist 7 
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. Alluvions formed by the sea are very similar ; they contain marine debrif 
of every kind, sometimes alone and sometimes mingled with fluviatile and 
terrestrial debris, brought into it by rivers. Debris of human industry, an« 
chors, boats, &.C., are frequent, and even man^s remains exist ; not only ia 
cemeteries of villages that have been overwhelmed by sands, but also among 
the debris cast up by the sea, as at Guadaloupe, where human bones are 
found in a sand consolidated by a calca'reous tuTa, and mingled with debris 
of human art In deltas formed partly of fresh water and partly by the sea, 
we find alternate layers, the one filled with marine debris, and the others by 
those of fresh water; but, under other circumstances, all these remains are 
found indiscriminately mingled. 

Argilla'ceous, marly, or calca'reous deposits, in lakes, contain the remains 
of fluviatile and terrestrial mollusks, similar to those now existing in the 
same regions. Remains of fishes and mammals are also occasionally found. 
There is no doubt deposits formed in the sea also contain remains of 
tile numerous animals that daily perish. We learn from soundings that the 
bottom of the sea, in many places, is covered by shells, broken or entire, 
fragments of madrepore, echinidae, &.C., sometimes mingled with sand, 
sometimes by themselves, constituting considerable banks in progress of 
formation and consolidation. 

39. Coral reefs, — Formations oT stony polypa'ria, agglomerated 
with each other, often of great extent, are thus named ; in inter- 
tropical regions they constitute a great number of islands, on a level 
with the sea, or submarine banks, the mass of which rises more 
and more. It is scarcely twenty years since it was supposed that 
the little animals which form these deposits, by a calcareous exu- 
dation, had the faculty of living at great depths in the ocean ; it 
was thought they began their dwelling, and gradually augmented 
the mass, until it formed immense mountains, the summits of 
which constituted the reefs, and that they gave origin to most of 
the large islands formed in those regions. These microscopic 
creature^, it was said, tended thus to fill up the ocean, and were 
preparing prodigious changes on the surface of the globe. But all 
this exaggeration has disappeared, the observations of MM. Gluoi 
and Gaimard having shown, that the species which contribute most 
to the formation of reefs^^uch as caryophy'llise ijig» 220\ mean" 
dri'nse {fig* 221), and particularly the as'ireac (fig. 222), which 
sometimes cover immense spaces, and various madrepores {fig* 
2^23], cannot exist except at moderate depths, and ten or twelve 
yards below tlie surface no trace of them is to be found. It is, 
then, on pre-existing rocks, already elevated under water, often 
very steep on the sides, as soundings show, that these animals 
begin to build ; and from this they afterwards accumulate their 
solid product to the level of the sea, where their last generations 
perish. They cannot, then, fill up the ocean ; but the incrusta- 
tions they form are not the less important, since they are sometimes 
ten or twelve yards thick, extending over immense spaces, and 
these are found in a great many places in all seas comprehended 

39. In what parts of the world do we find coral reefs ? How are they 
formed ? At what depths do polypa'ria live ? 
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Fig.320.~Caryophj/llia/aitigiala. Fig.^'i.—MadrefB'ra murica^la. 



Fig.Hfil.—MtandTi'miiabyri'nlMet. Fig.S22.~Atirta tiridit. 

between ihe tiopica. They crown moat submarine mountains, and 
cover thousands of square leagues, distributed among thousands of 
isknds and reefs. 

40. These sa'iigenous polypa'ria, attached to every kind of 
rock, surround most large islands with their products, forming 
around them a kind of rampart, separated frequently by deep 
water. In other instances ihey form islets, detached or grouped ID 
different ways, and they are, when there are breakers, the more 
dangerous, because they are not seen before being cast upon them, 
and because the depth of water is so great as not to afford anchorage. 
It is these deposits which render navigation ao ditficuh in certain 
parts of the South Sea, and cause so many deplorable losses by 
shipwreck. Some of the forms assumed by these deposits at the 
surhice of the sea are particularly remarkable, and are not yet 
entirely explained ; sometimes these ree& are completely annular 

40. Wbst IB tbo farm of coinl iBluads 7 
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Fig. 224.— Corai hland in the Pacific Ocran. 

{Jig- 224), with a lake in the centre, enclosed on all sides ; some- 
times they fonn broken circles, having one or more openings 
through which the centre may be reached ; again, they are in 
groups of islands, arranged in a circle, and frequently there are 
several in a series. In these internal seas the water is often very 
deep — but sometimes very shallow, and an immense number. of 
polypa'ria are developed, which sooner or later fill up the space. 
It appears evident that these circular reefs are the edges of di^rent 
upheaved craters, upon which the polyps have established them- 
selves ; this is inferred from the volcanic nnture of most islands in 
the Pacific, and from the manner in which submarine eruptions 
' sometimes take place. Nevertheless, this explanation is not re- 
ceived as satisfactory in respect to many reefs of the kind, and 
particularly those which constitute <he Maldives and Lakadives, 
groups in the Indian Ocean. The great number of circular groups 
found in certain localities, and the immense expanse which we 
must suppose craters of elevation to have in other places, are facts 
uig;ed in obji'Ction to the explanation. 

Around coral reefs, is well aa in the lakes they enclose, soil; and white 
mud of a calcareoue nature, analogoiia to chalk, has been observed, which 
hue nometimes been relerred to (he disintegration of madrepores, and some- 
timea to dejections of worms which pierce the polypa'ria, or to those of 
fiehea which leed on them. In many places in the South SeaH this mad 
necms to constitute considerable deposits. 

41. When a reef has reached the level of the water, the sea 
often covers it with debris of every kind, on which vegetation ia 
afterwards developed. Most low islands in the Pacific have been 
produced in this way, all of which rest on masses of polypa'ria. 
A great many other islands have sprung up on their coasts in the 
aame way ; and there are many which will sooner or later grow 

41. How axe coral istanda Ibrmcd T 
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tip ki tbe same manner, for now, at low tide, we may walk over 
reefs extending half a league from the shore. But one very im- 
portant circumstance is, that in many places we find precisely simi- 
lar deposits, composed of the same species of madrepores, in the 
interior of land at an elevation of from 200 to 300 yards ; this is 
seen at Timor, where the deposits are ten or twelve yards thick ; 
at New Holland, Van Die men's Land, at the Marian Islands, 
Sandwich Islands, &c., where they rest on argilla'ceous schist, 
sandstone, limestone, volcanic products, &c. ^ in the Isle of France 
a similar bank, four yards thick, is found placed between two cur- 
rents of lava. The existence of these deposits in such situations 
evidently indicates that all these islands have been upheaved from 
the bosom of the waters, and often at several different periods, for 
we often find banks of coral at different levels. 

42. Peat, or Turf Bog, — ^There are daily formed, in different 
excavations of ^he surface, in valleys of gentle slope, in low and 
marshy situations, deposits of vegetable matter, the decomposition 
of wmch furnishes a combustible called turf or peat, and the 
mass bears the name of pecU-bog. These deposits are formed 
only under particular circumstances : they are seen only in places 
where stagnant waters constarttly exist, and only in shallow depths; 
the presence of light is necessary to secure vegetation, to which 
peat chiefly owes its origin. 

The production of peat, to which all aquatic plants contribute, is princi- 
pally owing, however, to those which are always submerged, and which 
multiply rapidly; their debris form the principal paste that envelopes all the 
others, and probably contributes to their decomposition. A number of ter- 
restrial plants also, brought to these bogs by brooks, contribute to the forma- 
tion. Frequently large trees are found buried in the mass, particularly in 
the lower parts, where they accumulate on sands and days which form the 
bottom. Oflen they are seen broken and fallen near the root, which is found 
attached to tbe bottom of the bog. In some instances these debris are very 
numerous, and seem to indicate that entire forests must have been buried 
on the spot where they grew, before the formation of peat The plants found 
in these situations all belong to existing species ; they are resinous trees, 
oaks, birch, &,c. Remains of mammals are oflen found in peai-bogs^ such as 
the bones of oxen, the horns of deer, tusks of wild-boars, &c. 

43. Peat-bogs rest on every variety of soil, sometimes even on 
crystalline rocks ; most generally, however, they overlie deposits 
of sand or clay, and sometimes the rolled flints of the country. 
There are places where accumulated debris of plants form but a 
single mass, of greater or less thickness", more compact and blacker 
at the lower part than in subsequently formed parts of it : there 
are other places where thfe different beds are separated by sedi- 
mentary deposits of alluvium. These are formed of sands, clays, 
calca'reous or argilla'ceous marls, often containing fresh-water shells 
in great quantity. Sometimes the surface of the deposit remains 

42. What are peat-bogs ? Of what do they consist? 

43. On what do peat-bogs rest ? 
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covered by water, and at others it is covered by a luxuriant vege- 
tation. 

44. Peat-bogs are numerous in different parts of the world ; 
they occupy basins or depressions in the soil at different elevations, 
even in the Alps. One-tenth of the whole surface of Ireland is 
said to be covered by peat-bog. In the Great Dismal Swamp of 
Virginia and North Carolina, there is a deposit of peat from ten to 
fifteen feet in thickness. 



LESSON Till. 

Explanation of various Phenomena. — Consequences of Central 
Heat — First effect of cooling — Warm Springs — Deposits 
referable to Sediment — Fresh-water Deposits — Fossils of Ma- 
rine Deposits — Fossils of Carbona' ceous Deposits. 

Effects attributable to Upheaval and Subsidence. — Shell 
Deposits and raised Beaches-r- Submarine Forests — Tracks of 
Quadrupeds and Birds — Dislocation of Strata — Fatdts — Cra- 
tdriform arrangement of Strata — Valleys of Elevation — Up- 
heaval ulithout Dislocation — Distortion of Strata — Origin of 
Valleys — Valleys from Dislocation, from Subsidence, from 
Folding or Plaiting, from Erosion or Denudation — Origin 
of Caverns* 

Having established the fact of a central heat capable of keeping" every- 
thing in a state of fusion, at a short distance beneath the surface we inhabit; 
having shovtrn the actual effects of earthquakes and of volcanic action ; 
having pointed out those which waters produce, both by denudation, or de- 
gradation, and the formation of new deposits, it is natural to attempt, by 
reference to these effects, the explanation of all geological phenomena which 
have occurred on the surface of the globe from the first moment of its exist- 
ence. The causes now in action are the same as those which have acted 
through all time; but doubtlessly they were more energetic at certain epochs 
than present observation shows. 

> 1. Consequences of Central Heat. — ^The complete fluidity 
of the globe gave rise to its ellipSoYdal form : the heat so long pre- 
served, and Still existing beneath the cooled pellicle or crust, has 
produced, and is now producing a great number of phenomena. 
The temperature of the surface is nearly stationary, and has not 
varied since the period of records, and will not probably change. 
But before reaching this state, which probably required thousands 

44. Where are peat-bogs found ? 

1 . What influence is central heat supposed to exercise over the form of 
the globe ? Had the central heat any influence on climate ? How do you 
account for the fossils of tropical plants and animals being found in northern 
regions ? 
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of years,' the surface of the earth must have passed through every 
degree of heat, from the state of fusion in which the centre still is 
to its present degree of cold ; consequently, there was a time when 
the tejnperature of the earth was such as to do away with differences 
of climate, or an atmosphere of vapour, which, hy overcoming radia- 
tion, diminished the rigour of winter. Then vegetation, and Ufe 
generally, could be as equally maintained in all latitudes as in a 
hot-house. From this it follows, that plants and animals now found 
only betweenjhe tropics could then live anywhere, even under the 
poles, which were not then encumbered in ice. It is therefore not 
astonishing that we should find the remains of these various creatures 
buried nearly on the spot where they Hved, in countries which are 
now the coldest in the world, and in which it would be impossible 
for them to live at the present time. 

There is in England, on the island of Portland, and at several places on 
the continent, intercalated in other deposits, a bed of black matter, called 
dirUbedy and small argilla'ceous beds, in which, among a great many vege- 
table remains, bedded and scattered, are various plants ^n their pface uf 
Iffowth {Jig, 225), the roots 'of which extend into the fissores of the calca- 

reous soil beneath. There- —-'Yir 

Ibre, there must have been a ^ 

vegetable soil, on which all 

the plants now buried in the 

earth then grew. But all 

the species found in this bed 

belong to genera, such as 

cycas and zamia, which 

now live only in the tropics, «. «^,. « , , ,. » j 

and the remains of animals ^^g- 225.— PorfZflnJ dtrt-hed. 

also belonged to the same zone ; consequently the mean temperature at the 
time of this formation was very different from what it is now in England. 

Most of the coal deposits of Europe lead to a similar conclusion. Entire 
trees with their roots, many of them still erect, are found, as in the mine of 
Treuil, near St. Etienne {fig, 226), in the mines of Anzin (North) in Eng- 
land, in Scotland, &,c., which seem to indicate, as in peat-bogs, plants that 
grew very near the places where they are now found. It is evident from 
the perfect preservaticm of the most delicate parts of plants, the manner in 
which the leaves are extended on schists, that these remains could not have 
been carried far. All the remains of plants found in these deposits belong 
to the equisita'cee, lofly ferns, to the lycopodea'cese, &.C., and cannot be 
compared with those now existing in the tropics; consequently, the climate 
of Europe must have been tlien very different from what it is at present. 

We find, in the latitudes of Europe, certain beds containing the remains 
of intertropical plants, but we also find above them considerable deposits in 
which are dicotyle'donous plants of the present time. The formation of the 
last deposits, then, must have taken place long after the first; and it is pro- 
bable that between the epochs, a period of time elapsed, sufficient for cooling 
the surface of our planet 

Madrepores of reefs, which now do not exist beyond the tropics, then evi- 
dently extended to the polar circle. In fact, the limestones of different 
periods contain a great number, and frequently show that reefs existed coiii- 
parable to those of our days. Facts show that the limits of these banks of 
zo'ophytes have retrograded, from the period of the deposit of the oldest 
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First tfcctaf cooling, — The idea orcomplcle fusion, and of cooling, which 
the observallon of the pfaetiotncna ibrcibly leads us to admit, also leads as to 
conceive what must have talien place on lhefir<it consolidation of the globe's 
surface. The first solid pellicle formed unde'iHvnl, from cooling, more or 
less contraction, and on this account most have broken in all directions, 

surface, and anitinf anew more or less irreguljrl;, to be again broken. But 
UBuminfT greater consistence, and prcEsins more and more or> the liouid 
part, this must have gushed upthrongh th 
above the crust projecting ridgrs, of mon 
height in proportion as the rcsittance of the. c 
eaiucd alroneer und stronger reaction. Hence " 
ridges formed on the surface of the gloh 
hold for the action of water, the precipiti 
doubt, long heibre the temperature of thi 
9130 of Fahrenheit's thermometer. In Co 
by the vapour then diffused in tlie air. 

debris, and arena'ceous matters, and acdiiDcnts began lo Jbrm. Probably 
the water, at a high temperature, charged with the principles disengaged 
from the solidified masses, like kva of the present time, attacked tho slon; 
mailers, disintegrated and dissolved them, and subaequenllj formed ehemicnl 
deposits, or consolidated the debris. In fact, wc find deposits Ibrmod of 
fVagmcnts, of rolled flints and of sands, in tlic most ancient layers ycl exa- 
mined, and before meeting with organic remains. 

All the solid loyers formed beneath the first peltiele, like it, being nib. 

jected lo the law of contraction from cooling, must have been filled with 

. cracks in all directions ; therefore the whole terrestrial crasi, thus fonncd. 

Could not hare been as solid as might be at first imagined : it could not 
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WABM SPRINGS. Iff 



resist, so successfally as might be thought, the internal actions, which, meet- 
ing no obstacle in the sedimentary deposite subsequently formed, must hare 
(lislocated them in all ways. In fact, there is no deposit on the surface of 
the globe, either sedimentary or crystalline, which is not found to be cracked 
in all directions ; even on the upper surface, most rocks are broken in small 
fragments, to a considerable depth. 

While the crust of the earth was gradually cooling, things must have 
passed nearly as we have stated ; but, ailer the temperature bad become' 
stationary, as it is now, it could not' have been the same : the superficial 
pellicle does not contract, because it does not grow sensibly cooler. Never- 
theless, the interior mass is still cooling more and more, although with ex- 
treme slowness*, and consequently diminishing in volume ; now, the fluid 
part tending to drag with it that which covers it, and which becomes suc- 
cessively too large, this must contract on itself, and ridge the surface by dis- 
locations through its whole thickness. This may take place tranquilly, for 
some time'; but, at certain moments, the effect cannot fail to take place 
quickly, and hence the sudden catastrophes experienced on the earth*s sur- 
face. 

All observations, in accordance with geometrical considerations, show 
that these ridges and these dislocations are formed according to the great 
circle of the sphere, and extend over the^half of its circumference. 

* 2. Warm aptings, — The difierent degrees of temperature of 
*wann springs are referable to the central neat, which is communi- 
cated through fissures of greater or less profundity. The waters 
come to the surface with the temperature of the point whence 
they started, and, it is known, that at the depth of about 3280 
yards, they boil. Now it may be readily conceived how, during 
earthquakes, new hot springs may appear in a country, and how 
^ose that existed there may be lost ; in the first inetance, all that is 
required is a fissure, to establish a communication between the 
surface and a proper depth ; and, for the second, that the existing 
communication should be interrupted. 

We may easily conceive, also^ that before the earth had reached its pre- 
sent degree of cooling, hot springs must have been infinitely more numerous 
than they are at present. When, instead of one-thirtieth of a degree, centi- 
grade per yard, the temperature increased one-third of a degree, that is, ten 
times more rapidly than at present, and when water boiled at a depth of 325 
yards, it is clear, there must have been a great many springs at a tempera- 
ture of 212" Fahrenheit, or of boiling water, and that fumarolles^ now rare, 
were then common. Consequently, the condition of the atmosphere was then 
very difierent from what it is now ; thick fogs must have spread over the 
•uri&ce of the earth, in the absence of the sun, and hence radiation towards 
the celestial space, at present an important cause of refrigeration, must then 
have been nothing. Winter was consequently less rigorous ; and this ex- 
plains, too, how so many plants and animals, which cannot now exist in 
northern climates, could then live in them as between the tropics, and pre- 
cisely as southern plants now live on northern coasts and islands which are 
constantly shrouded in thick fogs. The whole earth, tempered by these 

- - ■ - ^ 

• According to Fourier, a decrease of internal heat of not more than ono 
degree in thirty yards, would require 30,000 years. 

2. How is the temperature of hot springs accounted for ? At what depth 
do spring waters boil ? 



«e DEPoarrs beperable to sediment. 

•biuiduit ripoura, conld then aupport Uie ume orguiic cniBtures ; here ws 
hive tlie reason why mineral beds, of & determined age, differ lesa in the 
OTganic remains tliej contain, wherever found, Ihoji eiisting creature! of 
diSerent xooei. 



3 SEDIMENT. 

5. Rolled flints, sand, and mud, are formed by the action of 
running water and of waves ; and, being transported by these 
waters, ihey accumulate iii lakes, in seas, at the mouths of rivers, 
and on coasts. Whenever we find these kinds of matter accumu- 
lated in more or lesa considerable deposits in the interior of coun- 
tries, we have a right to conclude that there existed somewhere, iar 
or near, high mountains, from which these matters were detached ; 
water-courses, which carried them ; undulating waters, which 
heaped them up on their shores, and often lakes and seas, that 
received them. By the greater or less abundance and size of ibe 
rolled flints, we can judge of the mass and force of the wateis that 
transported them ; and their nature, and various course or track. 
ought to lead to the point of their origin, if ci 
destroyed the traces left by currents in iheir course. 

As in the present day we aee deposits of shells formed ii 
we infer that the numerous beds of the eame kind we find al ell hei^hla. 



^aarily fi 
under water ; the nature of the organic remains enahles us (o dete 
whether they were deposited under Iresh or sail water, on coasta ot in deptlis 
of the sen.; their miiture, their alternation, indicate mouths of livers, alter. 
naUons of salt and fresh water, &c 

4. Deposits from fregk water. — These deposits are' easily re- 
cognised from the oi^anic remains they contain being comparable' 
to difierent genera, sometimes even to different species of animals 
now living in our lakes and rivers. These are especially remains, 
impressifflis, or moulds of shells, hke those d' the genus limne'a 
(Jig. aSTl, phmor'bis {Jig. 338), paludi'tui (fig. 329), mela-nia 
(Jig. 230), and of land shells of the genus Mix. These are all 
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3. Haw are rolled flinU formed T What docs the prcaenco of a deposit 
of rolled flinta in a country indicate T What ie inferred irom their aize and 
quantity ? 





harim: deposits. 

univalve, unilocular shells. The bivalve shells of fresh-wi 
posits, more rare ihan the preceding, are like mussdi — u'm 
231 \, cttwdo'nta {fig- 233), cy'das {fig. 233"), and eyre'rii 
334). The entire absence of every species of polypa' 



srde- 




235, 236, 337—239), and echini'des {figs. 238—340, 241), is an 

imponant characteristic of fresh-water deposits, which are very 
common in different parts of th^world. 

5. Marine deposits. — These are distinguished by the analogy 
of the organic remains theycontain(_/?^s. 335 to 250)to the'debna 
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, 4, How &re fresh-water deposits rect^ised T Which are most nam 
nnivoWe or bivalvu sheila, in fresh-water deposilB ? What does the al 
of polypa'ria indicate? 

1 5. How are marine deposits distinguished ? What fossils are chai 
f morine deposits ) 

IS' 



180 MARINE deposits; 

of different animals now living in the seas. Pdypa'ria, more or 
less analogous to those which form coral reefs {Jig»- 280 to 23^— 
p. 141), are highly characteristic ; encri'nitea {figt. 235 lo 287), 




lig. fflS.-CWa' ril tcrmt-ta. f\g. 233^/),fn™[ joi^U ff Encrfnilu. 

or the remains of their joinla (Jig. 339) — the eckini'dex {figs. 
338 to 241). Not one of these organic bodies is found in fresh 



Among the marine univalves there are 
some which are more or less analogous to 
those of fresh water, mentioned (p. 148), 
although they are thicker, and more gene- 
rally covered with tubercles (Jig. 242), 
But, setting aside those on which at first 
sight there might be some doubt, there are 
many others which are sufficiently charac- 
teristic : these are shells whose aperture is 
terminated by a canal of greater or less 
length, and belong either to the genus ceri'- 
Ihium {Jig. 243), of which a siimII number 
"■ of species lives in fresh water, or to the 
Ig. 344), volt/la {Ji^. ai6), &c. ; they are all 
1 in calcareous deposits. 



MARINE DEPOSITS. 



Fff. ^3.— Cm-mum IHg. 244.— Jhi'im fie. iiS—Ktln'ta 

Marine bivalve shells generally differ very much from those 
found in fresh water ; some resemble oysters, and others are almost 
entirely like them ; a great many aie furnished with ribs, or strite, 
OF rugosities (Jigs. 246, 247), and possess, in a word, many cha- 
racteristics entirely different from tnose found in the genera we 
have just mentioned. 
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fulia-ua. intricn'm. lr.,M'(«, (/rra ■*< ti«). 

Chambered shells are found only in seas, such as the nmitilua 
(fig. 348), more or leas like numerous species of ammonites {fi^. 
■ 249), no analogue of which is now hving, but with which certain 
terrestrial strata are filled. 

These deposits lire genemlly formed lery slowly, by the accumulalion of 
■bells letl by drad mMtuiks bb last as they perish, and not by auddea catas. 
Irophes, which would have heaped them up allTe in greater or less numberi. 
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This is proved bj the (act that iVequently on the inaide-of ahcUs WG find 
paruilic unimalB, that attach thenieelvca to bodiea of all kinds {_fig. 250), 
and which could not attach themselves here, in the inlerior of the ehell, if 
the raolluek had not been previouslj destroyed. Often the very shell of 
the paraeltc is covered by others, showing that the Erst had long existed in 
the sea. The shells of bivalves are frequently found Bcparated, showing 
the animal must have died before they were buried. And there are shells 
which are pierced by Ihhophu'gi, at well as the fiintg and fragmenla of 
limestone which iccompaay tliem, leading to the same canclusioa. Tbero 
are of course some exceptions, but Ihese are commonly due to local circum- 

Generally, these shelly deposits are on the spot where the animals liv^d. 
In fact, they contain a great number of uninjured sheila, the most delicate 
■ppcndogea of which are in it state of perlect preservation ; a circumstance 
not reconcilable with the idea of transportation by currents, which would 
have broken the whole and rounded the Irngmeuts. Even in decomposilioc, 
the finest parts have tell their impressions on the substancee enveloping them. 

By means of the debris ulluded to, we may always recogtiize marine 

6. Carbona'ceous deposits. — It is undeniable, that the carbo- 
na'ceous deposiia Ibiind in difierent strata of ibe earth, were pro- 
duced tliere by the accumulation of the remains of plants ; thia is 
proved by the numerous and clearly characterized remains of 
stems and leaves met with, either in the combustible mass or in 
the earthy matter containing il. Onthispointall are of one opinion; 
but all do not agree as to the manner of accumulation of these re- 
mains. Some geologists suppose that all carbona'ceous deposits 
result from (be sinking of great rafta of divers plants, transported 
by great rivers, by maritime currents, and sunk in different places; 
others think, on the contrary, that most of these deposits were 
formed, in placp, in the same manner as peat-bogs, in depressions 
of the surface to which rivulets daily brought debris from the sur- 
rounding vegetation. 

s deposits derived! How are carbaiM' 
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Opposed to the idea of floating rafts is, the enormous thickness they must 
have attained, to have produced beds of coal such as are known, between 
two layers of arena'ceous matter. In fact, taking into consideration the 
specific weight of wood, the amount of carbon it contains relatively to that 
of carbona'ceous deposits, we find that the latter can only be twenty-two 
hundreds, or even seven hundreds (according to the kind of plants), of 
the primitive volume of the matters which gave origin to them. Besides, 
estimating the numerous voids lefl by the irregular interlacing of these 
debris in a rafl, we know that coal, for example, wliich is formed of the 
lightest plants, as the equisita'cesB, ferns, ^^c, cannot be, in the bed, more 
than thirty.five thousands of the thickness of the raft that formed it : that 
is, a coal-bed of from one or two to thirty yards thick, would require the 
rafts to have been twenty-eight or fifi,y-seven, to eight hundred and fifty- 
eeven yards in thickness, which evidently exceeds the limits of probability, 
and in most seas would be impossible. 

The idea of the formation being analogous to that of peat-bogs does not 
present this difficulty, and only requires time for the accumulation of the 
necessary organic materials. In the present state of things, this time would 
be very considerable ; for, according to the calculation of M. de Beaumont, 
on the quantity of carbon annually produced by our forests, not much more 
than six-tenths of an inch in thickness of coal would be formed, in car bo- 
na' ceous deposits, in the period of a century. But everything, leads to the 
belief that at a mean temperature of 7P (Fahrenheit), when the atmosphere 
was filled with vapour, and vegetation, in the genera of plants that then 
grew in our country, was infinitely more vigorous than at present : we are 
also led to believe that at the epoch of these formations, when the eartli had 
not yet cooled to its present temperature, a great deal of carbonic acid 
issued from its interior, and the appropriation of the carbon by plants was 
then more rapid. It is not only for the formation of coal that a long period 
of time is required ; all sedimentary and calcareous deposits formed only of 
shells, which acquire much greater thickness than carbona'ceous deposits, 
have certainly required many centuries to reach this point. 

The hypothesis which assimilates deposits of coal to peat-bogs, is fortified 
by the different characters they present ; such are, not only the trees found 
erect with their roots, and the remarkable preservation of the leaves in 
schists, but the deposition in isolated basins, of greater or less extent, seems 
to indicate swamps and marshy places formed in depressions of the surface 
of the soil. These deposits are often surrounded on all sides by rocks of an 
anterior formation, which form the parietes of the cavity where they took 
place ; frequently, we also find that a certain number of small basins, inde- 
pendent of each other, forming part of a more extensive basin of a species 
of lake filled with contemporaneous arena'ceous matters, on the surface of 
which there would be formed as many masses of combustible. There are 
some, too, that extend through the length of certain ancient valleys, and are 
contained in them. All these circumstances are observable in the deposits 
of the centre and south of France ; but in the north of France, in Belgium, 
in England, and in Scotland, it is different. There, the beds of combustible 
seem to extend over great spaces ; and the assemblage of facts, as well as 
the immediate superposition of marine limestone, found in all those countries, 
leads us to suppose that these deposits, now dislocated and separated by seas, 
have once formed part of the same whole. It was not in swamps or in 
closed lakes they were formed, but in a vast sea, the receptacle of all the 
debris of the vegetation of its coasts and islands, that they must have taken 
place, and in which 'undulatory motion stratified these materials as well as 
all other sedimentary deposits. 

Certain deposits of lignite were evidently formed in the same manner as 
coal ; but there are others which constitute irregular masses of wood thrown 
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pell-mell, more or less bitominoiis and preserving their 'tissue, found aeei- 
dentally buried in the midst of sedimentary deposits, and which probabljr 
had a similar origin to those transported by great rivers, which are deposit^ 
in lakes or conveyed to the middle of seas. 

Remains of shells arc rare in deposits of coal, properly so called. There 
is no trace of them in any of the deposits of the centre of France ; and it 
is only in the great formation comprising the north of France, Belgium, 
and England, tliat some examples are met: marine shells are found in the 
environs of Liege and of Namur, in Derbyshire, &.C. Fresh-water sheik, 
similar to u'nio and anodo'nta, are found in the same place. In most depo- 
sits of lignite, in which the structure of the wood has generally disappeared, 
we find, on the contrary, a great number of fluviatile shells, which proves, 
that tlic formation of these deposits took place in fresh-water lakes. 

EFFECTS ATTRIBUTABLE TO UPHEAVAL AND SUBSIDENCE. 

7. At whatever height we may find fluviatile deposits on the 
surface of the globe, there is nothing to excite astonishment; for 
we readily conceive that lakes could have exijsted at all heights on 
continents, and that after their waters flowed away their deposits 
remained dry on the soil. But we find also mariile deposits at all 
heights, in very extensive beds, and at first sight it is not so easy to 
account for them. It is evident that such deposits could have been 
formed only under waters of the sea ; and, as they are now foun^. 
thousands of yards above the present level of the ocean, we must 
admit one of two things ; either that the water was elevated above 
these points for a sufficiently long time to form thick beds there, 
or that these deposits were raised up from the bottom of the sea to 
the height we now find them. Nothing in the phenomena of the 
present time warrants a belief, that the sea, which has not changed 
its level within the time of history, could have been so elevated, 
long enough to form considerable deposits. The universal deluge 
of the Holy Scriptures was a catastrophe of short duration, and 
therefore could pot have produced the immense deposits referred 
to, which, everything leads us to believe, were formed slowly. 
Besides, this catastrophe is comparatively of modem date* and 
must be referred to the last modification of the surface ; now, all 
the deposits of shells of which we speak were long anterior, and 
were independent of facts belonging to the history of the human 
race. Nothing informs us what became of the excess of water (a 
greater or less volume than now exists] above the present level, 
without having recourse to divine interierence, which must have 
been frequent in ancient times, to cause* these waters to appear or 
disappear a great many times, and even suspend the* action of the 
laws of equilibrium. In fact, very often deposits of shells, seen 
here and there at a great height, are not found on corresponding 
summits, and are represented on the contrary with all their charac- 
ters, thousands of yards lower down ; hence we must suppose the 

7. How^ is the presence of marine shells in deposits, at great heights 
above the present level of the sea, accounted for ? 
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.wafteis were considerably elevated 6n the first of these points, and 
^remained low on the other^ which is absurd, or we must admit that 
the same animals could live in one place, near the surface of the 
water, and in another, at immense depths, which is contrary to all 
observation. Therefore, the only reasonable supposition left is, that 
of upheaval; an idea supported at least on positive events which 
have taken place in our own times, and which are, doubtlessly, not 
the only ones which have been manifest on the surface of the 
globe. If an upheaving force could suddenly elevate 200 leagues 
of the coast of Chile (page 99), spreading as far as the islands of 
Juan Fernandez ; if the same effect were slowly produced in all 
the gulf of Bothnia, in Sweden, and in Finland, over a surface of 
not less extent, we may comprehend how vast countries might have 
been elevated anywhere. The enormous liquified mass forming 
the interior of the globe, oscillating from side to side beneath its 
thin crust, could emboss it in every direction, and nothing more 
would be required to raise continents out of the sea, and vary the 
sU^t relief in all manners. And let not such effects excite alarm 
because they appear gigantic; we judge them to be so because 
we compare them with our feeble powers, for they are nothing 
compared to the globe itself. What are the 25,6C0 feet in the 
/height of Himalaya, the highest mountain in 'the world, and the 
24,580 feet depth, the deepest soundings in the midst of the sea, 
. compared with the 19,685,500 feet, measured by the mean radius 
of the earth ? And notwithstanding such eminences or depths, the 
sum of which is less than .5000 of an inch to the yard, are rarities 
on our planet, whose inequalities are not even comparable to the 
unperceivable irregularities which are formed in our manufactories 
on moulded glass or metals, which nevertheless pass unnoticed. 
If to these reflections we add our knowledge of the immense force 
often exerted, from the interior towards the exterior, none of these 
phenomena will astonish us. 

8. Shell deposits^ and upheaved or raised beaches. — ^Parts of 
soil upheaved above the level of the sea, are characterized, on the 
. surface of exposed rocks, by the presence of various shells, that 
• live, ordinarily, attached on a level with the water, such as barna- 
cles, mussels, &c. ; or by that of some small deposits of shells, 
identical with those* daily formed at the bottom of neighbouring 
seas. Now, on examining the hills near the coast of Chile, there 
has been found on the plateaux (which succeed each other in ter- 
races, the sides of which are parallel to the present shores), shells 
; similar to those, that have been left dry in our day, and which are 
, still attached to rocks, as well as shelly deposits, which contain the 
same organic remains as those now forming in the Pacific Ocean. 
. Is it not most probable that these deposits are indications of suc- 
cessive upheavals, similar to those which have recently taken place? 

8. How are raised beaches accounted for ? 



Ij56 EVIDENCK OF SUBSIDENCE. 

Tbis iDference is sustained by observations made on tbe coast of 
Peru, near Lima, in the island of San Lorenzo, where, thirty yacds 
above the level of the sea, deposits have been found w^hieh contain 
woven osier, portions of cotton thread, &c., clearly showing that tbe 
deposits in question were formed since the existence of man in 
those countries ; as the level of seas has not changed since history 
began, it is only by upheaval they could be brought to light. 

That the coast of Sweden has been uplifted slowly, has been established 
by the most exact observations. In digging a canul near Stockholm, in the 
midst of beds of sand, clay, and marl, filkd with shells similar to those that 
now live in tlie Baltic, there were found the remains of very ancient ves- 
sels; all this country, which must have been, at some period, under watcT, 
and in which some ships were wrecked, has been upheaved since the pre. 
aence of man ; the level of the ocean being invariable. It is therefore evi. 
dent that the shelly deposit of Uddewalla, in which organic remains of the 
Baltic are found, seventy yards above the level of the sea, and in which M. 
Brongniart found balani attached to rocks, as they are on the present coast, 
is a fact of elevation. Similar deposits and evidence of elevation are met in 
other parts of the world. The upheaval and subsidence of the temple of 
Serapis has been already mentioned (page 19). 

In thus admitting that very extensive deposits, formed of shells that are 
now living in the sea, have been evidently upheaved to greater or less heights, 
is it not therefore exceedingly probable that the same is true of all the refit ? 
Why should this not be true in regard to the neighbourhood of London and 
Paris; to that of the plains of Gascony, Austria, Hungary, Poland, &c. ? 
All the shells found in those places are not similar to those in the pre. 
sent seas ; but there exists a. considerable quantity of them, and moreover, 
their preservation is so perfect, in many places, that they seem to have been 
recently buried. If we admit the fact of elevation, for these deposits, can 
we refuse it to the chalk that everywhere envelopes them, forming not only 
the Jura, but a great part of the calcareous mountains of France ; or to any 
shelLdeposits, the organic debris of which bear witness to their marine 
origin ? 

9. Subsidence of various rf^osi7«.^Upheaval has been shown ; 
subsidence is not less demonstrable. At many points, on the coasts 
of France and England, may be seen, at low tide, very extensive 
deposits of plants, similar to those now living in those countries, 
and which appear to have grown on the spot where they are found, 
for the roots are seen attached to the soil. These deposits rest on 
earthy matter, covered with leaves, heaped upon each other, or 
sunk in a peat-like substance. In these places have been found 
birch-trees, chestnuts, oaks, and fir-trees, sometimes scarcely 
altered, species of deer, similar to those met in peat-bogs; the 
whole covered by argillaceous deposits, which contain fresh-water 
shells. These submarine forests^ as they are called, could have 
grown only on a soil more or less elevated above the sea ; and as 
they are now found beneath it, and are not uncovered, except iij 
unusually low tides, the earth must have sunk, after the period of 
regetation. The cUrt-bed of Portland {fig* 225, p. 145) shows the 

9. What are submarine forests ? How is the subsidence of deposits 
proved 7 
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existence of a vegetable earth or mould, of a soil nearly dry, resting 
on marine deposits. This bed Jjas been covered by a very thick 
deposit of lacus'trine limestone, and the whole passes under the 
green sand which precedes the chalk, and which is of marine for- 
mation. It is clear, therefore, that there was in those places a cer- 
tain upheaval of the inferior marine limestone,* on which terrestrial 
plants grew; that subsequently a lake, or a deep estuary, was 
formed, in which beds of limestone, sand, aniclay, were deposited, 
filled with fluviatile shells, the entire mass being sometimes from 
200 to 500 yards in thickness. A subsequent upheaval must have 
lifted the whole to its present level. 

Around the Paris basin, the deposit of marine limestone, worked for build- 
ing stone, must have been at first upHfled, at various points, obove the sea, 
to be covered by a fresh.ivater lake in which lacustrine deposits were formed, 
and among tliem the plaster of Paris ; subsequently, it must have been sunk 
beneath the sea, to be covered by a marine formation, and again upUfled, to 
be covered by a second fresh, water formation. 




Fig. 251. — Impressions of feet of quadrupeds. 

Hundreds of &cts of this kind might be cited ; but we will only notice the 
impressions of feet and tracks of certain quadrupeds {Jig. 251) found at Hess- 

berg, near Hildburghausen, in Saxony« 
on the fiices of certain beds of sand- 
stone, and the impressions of the feet 
of various birds, found in the valley of 
the Connecticut, in the United States, in the 
same deposits (Jig. 252). These impres. 
sions show that the soil was in a degree 
soft, although partly dry, which is proved 
by the ridges it presentf^, and that it was 
out of water; the sedimentary bed on 
which these animals walked, is now co- 
vered by another, which is moulded on 
these tracks, and afterwards by considera- 
ble deposits of the same matter which could 
be formed only under water; it follows, 
therefore, that the soil, first upUfled enough 
to enable terrestrial animals to walk on it, 
was subsequently sunk to receive all those 

sedimentary deposits, and afterwards was 

Fig. 252. — Bird tracks. again upheaved to its present position. 

14 
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CHANGE OF POSITION AND DISLOCATION OF STRATA AmnSITTAM.B 

TO UFHCAVAL. 

10. It has been already stated that sand and shells are deposited, 
under water, in horizontal beds. Indeed, we frequently find them 
in this position on the surface, eren over extensive spaces, and we 
then find flattened pebbles, valves of oysters, and othersheils, lying 
flat, and turriculated shells lying on one side ; and everything con- 
firming the idea of a 'slow formation, by the weight of these sub- 
stances. But it sometimes happens that we see deposits, more or 
less inclined in certain parts of their extent, raised .op almost 4o a 
vertical position, and sometimes entirely overturned; tbey still 
©reserve, however, all the characters which show they were at first 
horizontal, for the debris of shells and pebbles they contain are still 
found arranged parallelly to the planes of the beds. Besides, there 

are deposits which contain ge'ode» 
of agate, in which are fomd stsK' 
k'ctites with the axis more or less 
_ inclined (y?«-. 253), which is di- 
rectly opposite to the manner of 
production of these substances. 
— Consequently, these deposits could 
P%. 253. Fig, 254. not have been formed in the posi- 

tion we find them, for, on the one hand, the debris ot sheBs and 
pebbly would have rolled over to be surely balanced, or fallen to 
the foot ctfthe ta'lus ; on the other, the stalac'lites would have formed 
in a vertical position. This last observation, particularly, shows 
that the beds were at first horizontal (Jig- ^54), arwl that their posi- 
tion has been changed subsequently to their formation ; this is one 
of the great geological phenomena we seek to explain. 

The ei]&ct8 of earthquakes, and those of Toleanic phenomena, will serve as 
pointB of comparison in our Moquiiy. On one hand, the creyices produced 
in the soil at the time, to a greater o> less depth, can on]/ be the effect of 
I4)heaval ; for the separation of parts does not Festrlt here froui drying^ nor 
irom eeoling^, which woald produce a retreatin|f of the whole mass, it is 
reOiarked, in the neighbourhood of cracks, that the soil is no longer on the 
vame plane as the rest of the country ; that H is mof e or less arched, and 
•ften one part is more elcTated than another. Now, if the ffoil have been 
uplif^d, it must follow that the intent) beds have been disturbed in their 
position ; consequently, when ha a formation of horizontal strata, a erack is 
made in a straight line (^^. 2^^)> the beds must be inclined on both sides 
throi^h their length, like the two slopes of a roof. When scTeral dirergertt 
cracks are formed (^^«. 256), the beds ought to incline •jmmetricaUj around 
the axis of deration. 

Now, if we find all inclined beds in one or the other of these positions^ 
we have a right to conclude they hare been uplifted by the same causes. 

11. Faults, — When a crack is made, it often happens that one 

10. What proves that the poeitioa of strata has been ehasged by up. 
lieaval? 




Fiff,955. 

of the parts of the soil is more ekvated than the other, no matter 

whetlier the crack remains open or not. These efli-cts are often 

observed, and it is presumed they are all produced by the same 

cause, namelv, upheaval. The beds are ihen inclined in opposite 

Jirectkma (/g. 257), and one of the 

parts is niore elevated than that which 

is adjacent; the juncttoaissometimes 

distinguished by subterraneous woi^, ^^ 

cither subsequently filled with gravel, *^j^ 

or a slight fissure, or at least by a °~,. n,._p ,, 

surface of separation, the [danee of ^^" 

which are smooth, and, sometimes polished or striated vertically, 

showing a close crack and a rubbing of one part on the other. 

This arrangement has b^en called ynuK (from the German /«W, an 

accideot,/»t/.orsinkiog), because one part is lower than the other; 

&u]tE are observed in every kind of soil, and present crests or 

ridges eitending over great spaces, nearly in a straight line, some' 

times broken here and there, but the diSerent pans pniaerve the 

same direction. 

13. Besides showing themselves on the surface, Kiulta are also 
perceived under ground, by the disturbance they have caused in 
beds or veins worked for the benefit of the arts. It is thus, for 
example, in (»al measures, 
same bed of coat a,b,c {Jig, S 
is found GO much deranged ti. ... {•>;^q> 

C'lion, that the miner, after u^^^ 
ing worked on a part of it^ ?>««*" 
direction, from d to c, for inslana., 
finds it suddenly end, and would Fig-^5S.-~B,d dMocaltdh/f-vUi. 
gt once abandon all his labours, had not experience laught him that, 
by following the fault, he will find the deposit either above or 
below the point where it abruj-lly terminated. Sometimes there 
results from these disturbances serious mistakes for speculators; 




leo 



CRATERIFORM DISPOSITION. 



observing various outcrops on the surface of the ground, a,bjcd 
{Jig* 259), they have inferred the existence of as many difi^rent 




Fig, 259. — Dislocation, causing a single bed to appear as several, 

beds, and consequently great wealth, when, in reality, it was only 
one and the same bed dislocated and raised up to different levels 
by successive faults. 

13. CrcUe'riform disposition. — The known formation of Monte^ 
NuovOy in explaining to us the uplifting of the beds seen in its 
crate'riform cavity, leads us to attribute also to upheavals, the 
epochs of which are unknown, the structure of several other hil- 
locks of the same country, such as those of the solfata'ra of Puz- 
zuoli, of Camboldi, of Astroni, &c., where the strata are all raised 
towards the axis of the excavation found in the centre. In these 
hillocks, the bottom of the cavity, particularly at Astroni [Jig, 260), 
presents the point of a tra'chytic dome, which doubtlessly caused 
the elevation of the surrounding beds of pumice tufa. These 
crater hillocks at once explain all those of the Champs-Phlegreeng, 
which are full at the top, but all the strata of which are raised 
around the axis {Jig, 261) ; probably there would be found at their 





Fig. 262. 



Fig. ^GO.'-Crate'riform disposition, vnlh Fig. 261 . — Hillock with strata 
a tra'chytic hillock in the centre. raised towards the summiL 

base some point of a cone which had not been uplifted with suffi- 
cient force to crack the summit. When strata 
are inclined in opposite directions {Jig, 261), 
like the two sides of a roof, they form what is 
termed an anteclinal axis ; but when they dip 
oppositely, it is termed a synclinal axis {Jig. 262). 
Similar circumstances are observed in many places, on a greater 
scale. At Cantal and Monte-Dore, basa'kic and tra'chytic beds, 
which could only have been deposited on a horizontal plane, are 
found raised up around one or more centres, leaving towards their 

'f?^ point of convergence a crate'riform 

basin of more or less extent, or 
rising around a more or less pro- 

jecting tra'chytic dome {Jig* 263), 

rig. ^^X-^Beds elevated around a 1*^6 the Peak of Teneriffe, above 
tra'chytic dome, the escarpments surrounding it. 

13. What is meant by an anteclinal ajus ? What is a synclinal axis ? 




VAI.LEY8 OP ELEVATION. 16t 

€h«nitic maeaes are found under similar circumstances, in the 
mJdAof whi(^ rise tullocks ofbasa'lt or sgotik, which doubtlessly 
rollowcd the firal exploaion, as at Monte-Nuovo and the island cd 
St. George. 

14. Calcareous countries are not more exempt from these acci- 
dents than oth»s; only the cTate'riform cavities, in place of being 
nearly circular, are more frequently elliptical, sometimes very 
much elongated, as seen in the Jura mountains. In general, the 
length is produced, like cracks, extending to a. great distance, and 
forming along its direction eiongated hillocks, in a line with each 
other, offering here and there more projecting summits* These 
eummits are most frequently rent, and present what are termed 
ehaed wdteyi, and vaua/t y" devalum {Jig- 364), which are in 
fact craters of elevation. 



Fig. 964. — Plan «/4 erattr ofdnalian in ealcaraui caunlritt, 
16. Ruptures of calcareous mountains do not always present the 
ciBte'riform uniformity just indicated, but vary much, in this re- 
epect. One side of the rupture sometimes remains low, while the 
other is elevated, as represented (^g. 365). Sometimes the supe- 
rior beds seem to have retired horizontally, and the inferior strata 
are arched up between the fractured extremities, as seen {/iy. 266). 




Fig. Q6e. 
Cfattri tf elnnlion in MleorMU* fornHaimit, 
OAen, among the upheaved beds, some are found which are Casilr 
disintegrated, and their projection soon tumbles, inducing the fall 
of solid strata; from this we have ridges of rock paralld to each 
other, separated by Utile valleys, in which the rain-water flows, and 
they become covered by vegetation ; in this case the general lidgo 
of the mountain is as represented {fig. 2671. Sometimes the 
summit only presents a mass of calcareous blocKs piled one on the 
other, but arranged in line, as if the work of a mason. Again, 

U. What are salleys of etnalion T What i> the pecaliuitj of cnle'ri. 
form caiilin in calcareciu countriea T 
15. Are ttw cntt'rifbmi lav^iM, ki ob1ou«o«« eoontriw, alwafi naifbrm 

in coDRguiatlini T 



103 UPHEAVAL WITHOUT DKLOCATION. 

when two parallel uphearala take place {^g. 268), it sometnoes 
happens that oae poition (a) of the fonnauon u cut off, and then 



Fig. 267. Fig. 268. 

Tartou* ditpotitima Bfcratcri of devatioB in ealeartout fan 
fonns the culminating point of the whole mass, giving the appear- 
ance of a lepelition of certain strata in the same deposit. The 
centml part of the uplifted mass is formed of matters sometimes 
analogous to those that essentially constitute the formation, and 
someiimes totally dit&renl. 

16. Upheavm and dialorlion withoul dislocation. — The uplift- 
ing of strata is often accompanied by ruptures, hut frequently there 
is no apparent dislocation. We have already noticed ihe isolated 
mounts or hillocks on the Champs-Phleereens {fig. 361), and the 
same is also seen, for greater or less lengths, which then have 
more or less projecting sirfes, or antedinal lines, formed hy the 
uphfted strata on cither side, like the dip of a roof; these effects 
are similar to those produced by crevices ; but acting on strata of 
a certain degree of flexibility, like the matters placed in the centres 
of the preceding figures. The Jura mountains present a number 
of instances of this ; we often see there different parallel ridges of 
this kind, clearly marked on the simplest maps, which leave be- 
tween ihem valleys of greater or less breadth, on the two slopes of 
which the beds are uplifted. The result is great undulaticais in 
the strata, remarked especially in escarpments, produced by diSe- 
lenl ruptures, which cut the ridges in a great many places. These 



Fig. 569. — Diitortimtt of tht Jura. VaUa/i from jUaiting. 

t&? What are ute- 



PLAITING OF SCHISTOSE STRATA. 168 

undulations on a grand scale, represented/^. 269, are not inler- 
lupted except by ciate'riform ruptures of siunmitB, previously 
spoken of. 

17. Plaiting or folding of sckittose Ur<Ua. — Distortions are 
also observed under other circumstances, in which it seems that 
beds of a degree of flexibitily, or in a pasty c(Hidition, have been 
compressed by two opposing forces, rather than uplifted. Certain 
facts observed in matter of the stniciure of schist, naturally lead to 
this idea. It often happens that the laminai of these deposits, instead 
of continuing on the same plane, horizontal or incliqed, are all found 
very much contorted without ceasing to be parallel, or folded on 
themselves into a more or less acute zig-zag {fig. ^Q). The sup- 
position as to the mode in which this p^ting has been effected, has 
been verified by experiments made by Sir James Hall, 



Ftg. %lfi.—Cimtertvm o/ tchitti. Fig. 271.— Con/orWon of eoal. 

Entirely similar circuniHtancei twcnt in coal measureB ; b.11 the strata of 
these depoiitB, both argiila'ceous and combustible, are fonTid plaited, and 
oileii at ficute angles Cfig. 371) : this is especially rsmaikable in the coal 
measures near Mods, in Belgium. 

Now, haw did these compressions take place T In a degree, an explana- 
tion is required for each locality ; but we know that in a deposit of inclined 
strata, the mass of which is pushed from below upwards, the superior part 
presses with all its weight on the inferior, and the beds of the latter, beinjr 
placed between two opposing forces, may fold on themselves, if they are 
sufficiently flexible. Oa the other hand, aa matteis in a state of fusion ara 
often injected with great ibrceinlo sedimentary deposits, it is conceiied that 
from this results the lateral compresaion which produces the sama eSects. 

J8. Origin of P'aUeys. — If mountains are only the result of dis- 
locations which have taken place on the surface of the globe, by 
the force of internal agents, ihere would be no difficulty in account- 
ing for valleys. The first idea of the origin of valleys was based 
op excavation by the erosive action of water ; but then mountains 
having been previously formed, it ia clear that water would always 
follow the natural slope of the soil, and only excavate in that direc- 



IM ORIGIN OF TALLETB. 



tion ; when arrested by finy obstacle, or in a basin, it would of 
preference cut through deposits of sand and graveL We see the 
contrary of this natural action : valleys do not generally follow the 
real slope of the soil ; it is not by the lowest part of basins that 
waters are generally turned, nor through moveable formations that 
they make a passage. Rivers, in place of having excavated their 
beds, as was thought, are simply directed by the canals they found 
already made. Now it is not difficult to go back to the ongin df 
these canals ; they are evidently the result of upheavals, which 
have embossed or ridged the soil, until then horizontal. It is clear 
the inflexible beds must have been broken, and consequently a 
number of cracks were formed, as in the transverse section {fig* 
272). The cracks became valleys, placed in diflferent relations to 




Fig. 272. — Production of valleys by dislocation, 

each other according to circumstances of upheaval : parallel if the 
action, taking place in a certain direction, extended a sufficient 
length ; divergent, if the action occurred at one point, as in certain 
massive mountains ; often perpendicular to the directicm of upUfted 
chains, as the secondary cracks manifested during earthquakes 
{fig* 255), which occurs especially when the internal action forces 
crystalline matter through the principal crack. It may be easily 
conceived that crevices would remain more open in solid matters 
than in arena'ceous deposits, the falling of which would tend to 
fill the vacancy ; and this is the reason why rivers seem to shun 
moveable formations, which they could easily excavate if they had 
not found a bed ready prepared in another direction. 

19. It must not be concluded, however, that water has no agency 
in the configuration of valleys. On the contrary, we must* believe 
that when a country 1ms been suddenly rent, causing the accuniu* 
lated waters to flow all at once, that torrents of frightful power 
were produced, tearing away and removing all parts fractured by 
upheaval, and they thus modified the passages offered to them. 
It is probable, also, that certain valleys, which pass through a 
moveable formation, little disposed to fracture, have been produced 
exclusively by water. Valleys referable to this origin are very 
different in character from the first : they follow the natural line 
of slope ; they change their course on meeting masses which offer 
resistance, and turn round them to remain constantly in the movea- 
ble deposits. Such are the valleys which cut through the great 
deposits of rolled flints found at the foot of the oriental Alps. 

19. How are valleys of erosion produced ? 




ORIGIN OF CAVERNS. '165 

Many great rivers have themselves 
cut their beds in the ancient allu- 
vium (Jig. 273), very different froin 
that now forming; the Seine, at Pa- ^i^^5si^^^^2i'"tr^ 
ns, excavated its bed m a deposit »^^^<>^'"^^^?v?^ §^ 
of rolled flints very unlike the gravel Fig. 273.— VaUev of erosion in a 

it now deposits. moveable formation, 

20. Valleys from disruption, are those which have been pro- 
duced by cracks of every size, sometimes colossal, during the up- 
heavals that have brought the land to its present configuration of 
surface. They generally present abrupt escarpments, in which 
are seen the section of the fractured strata, the projecting angles 
on one side often corresponding with the retreating angles of the 
other. The circles which frequently terminate them above, or 
those that divide them in their length, are so many craters of ele- 
vation, most of which are clearly characterized either l^ the up- 
lifted strata or the barrancos they present. 

21. Valleys of subsidence are also spoken of, but it does not 
appear there are any arising purely from this cause. Subsidence 
is frequently correlative to upheaval ; and valleys as well as craters 
of elevation may exhibit the effects of bqth, which must have taken 
place especially in the circles found along Aeir Une, and at their 
superior extremity. 

. 22. Valleys from folding or plaiting are produced by two 
neighbouring upheavals, causing the elevation of strata, and leaving 
a space between, the slopes of \^ich being formed by their planes ; 
this is seen in the high parts of the Jura {Jig- 269.) Many rivers 
flow in valleys resulting from two opposite uptiltings of the soil. 

23. Valleys of erosion or denudation are produced in loose 
formations like ravines, made by rain-storms, the waters of which 
carry off* the materials constituting the soil. 

24. The origin of caverns is one of the phenomena attpbuted 
to the action of water ; but, although we find on a level with the 
sea some caverns of slight depth, which may have arisen from the 
repeated action of waves, it is difficult to believe that great caves, 
which are sometimes many leagues in extent, have been produced 
solely by the action of the waters running through them. The 
action of water on compact limestone, in which caves are princi- 
pally found, is so slight, that it has been supposed the open spaces 
now found, were at one time filled by masses of salt, which the 
waters had stibsequently dissolved and carried away. 

It is presumed, however, that the first origin of caverns is due to cracks, 
produced in the interior of the soil, which have been afterwards modified by 

20. What are valleys of disruption? 

21. What are valleys of subsidence? 

22. How are valleys from folding produced ? 

23. How are valleys of denudation formed in loose strata? 

24. How is the origin of ci^yeriui «QCouiited ^ 7 



166 VOLCANIC CONES AND LAVA CURRENTS. 

' ■ ■ *■ ■ -^ 

different causes. We know, in fact, that daring earthquakes, riyem at irfll 
as lakes suddenly disappear under ground, sometimes temporarily and 
sometimes continuously ; it is conceived that the water flows through internal 
cracks, similar to those produced on the surfiLce, which form canals for its 
passage. The fi^enomenon is sometimes coincident with the appearance 
of some abundant spring in a more or less distant place ; but it oflen hap. 
pens also that the water nowhere reappears, and we must conclude that it 
runs directly into the sea. All these circumstances eicplain the disappear, 
ance of certain rivers, which are swallowed by the earth afler a superficial 
course of more or less extent, as well as the sudden appearance of springs 
gushing from the side of a rrjck. They point to the existence of subternu 
neous canals, and lead us to think that, dried up by a more or less consider, 
able upheaval, these canals may have formed the now empty caverns found 
at all heights, as well as those, the bottom of which are still occupied by a 
stream of water fed from lakes or rivers on the surface. 

Still, if the real origin of most of these subterraneous cavities be not 
doubtfiil, it must be admitted that subsequently important changes took place 
in the general form and condition of their parietes; the rounded form, wear 
-and polish of surfaces, grooves, different excoriations, and in all positions, 
even on the upper part of the vault, an erosive action of which water alone 
is incapable. It has. been thought this liquid might have been charged with 
carbonic acid gas, which is frequently disengaged from the earth through 
fissures formed in it, particularly at the time of earthquakes, and that the 
subsequent effects were owing to its dissolving power. 
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Explanation of various Phenomena continued. — Deposits 
attributable to Volcanic Action — Lava — Ba^a'U— Action of 
Basalt on Adjacent Bocks — Dolomisation — Giants Causeway 
— Tra'chytic Formation — Trap Bocks '^Porphyry — Granitic 
Bocks — Injection of Granite — Metalliferous Veins — Metor 
mo'rphism — Effects of Erosioru 

1. Volcanic cones and lava currents. — When we find conical 
hiUs isolated, or arranged several together on a line, and covered 
with scorisB, sometimes having crate'riform cavities at 
the summit, surrounded by rapilli, we may be certain 
they are volcanic cones, however ignorant we may be 
of the epoch of their activity. If on mountain sides, 
whatever may be their nature, we see long, straight 
masses, terminated below in a club, hollow in the mid- 
dle, and thinning out above in a pellicle of dislocated 
scorisB {fig, 274), their origin cannot be doubtful, 
although every other trace of volcanic action may 
have disappeared. These long, straight masses are 
lava currents. If we find these matters in pebbles, in 
J^274 "^ore or less extensive tables, compact below, porous, 

**"* • cellular, or scoriaceous above, with a nearly uniform 

1. By what features ar« extinet Ti^esneeflieoognifled ? 




BASAanc i^posrrs of different kinds, itn 

Mirface, we may conclude they were accumulated on a hanzonal 
soil, or that in a more or less liquid state they flowed into a depres- 
sion. They are evidently deposits which have iasaed from the 
bosom of the earth in a slate of fusion. It is hy ohservalions of 
this kind we are enabled to recognise extinct volcanoes, in relation 
to which the history of the most remote times is entirely mute. 

2. Some of these currents resemble what is called basa'll, that 
is, black rocks with a. compact base of laliradorite, containing 
black pyroxene, and almost always magnetic oxide of iron. Very 
frequently there is found in it more or less voluminous nodules of 
peridole, and sometimes crystals of feldspar, which give it a por- 
pbyritic structure. These currents ordinarily form thick deposits, 
frequently divided into prismatic columns, sometimes in la^;e 
irreffular piece's, all indicative of slow cooling. "The palisades" on 
the North River are examples of basa'ltic columns. 

3. Btui^ltic deposils of different kinds. — If basa'lt is found 
in weltascertainea currents, traceable lo craters, entirety similar 
matter is found in very difftrent positions. There is a great deal 
of it that forms extensive tables of considerable thickness, consli' 
tuting vast plateaux ; or hcaped-up fragments on different moun- 
tains, at the same level, the heaps corresponding, and seem lo be- 
long one to the other like parts d" the same whole, showing a 
vast dislocated table. Basa'lt also forms isolated masses, hillocks 
in the midst of planes, sometimes very distant from every 
other formation of the same kind. It is found in s 
enclosed in the soil that conceals it, sometimes 
Uiere like a wall, or presenting various hillocks < 
of direction. 

All these disposition B of bnea'ltic deposits, as well as c 
are somelimeB found togellior in llie samo country. In 
the contrary, "the re is no trace whatever of yolcanic co] 
In all easel, howevsr. the rock possesses (h< 

ble earth. 

4. Tabular baaaflt brings to 
mind the great tables of Iceland, 
especially those of the eruption 
of 1783; they possess all the 
characters of lava that has been 
arrested on horizontal planes, or 
filled depressions. The lower part 
is compact, crystalline, and most 
frequently divided into vertical 
prismatic columns (fig. 275}; 

and the upper part is porous, eel- F^.3j5._ftia(W^ nri.™ 
lular, gco'riform, irregularly di- forwii bata'tt. 

a. What ia baaatt 7 What <toei it contain ? What ia it* form 7 
8, When ii bualt fbond, and ouder what cireumstanceaT 
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vided, and teiminating on a |^n LoiizoDtal suriace. When the 
mass is composed of several stories, the separations are soffletimes 
formed by tbin beds of lapilli, and most generally they are dis- 
tinguished by alternations of compact and porous matter, which 
chamcterizes each particular effusion. 

5. These characters leave no doubt as to the igneous origin of 
these deposits ; but thero are still others. When we can penetrate 

beneath basa'ltic tables, as in cases 
where they rest on moveable forma- 
tions, we almost always find tbe in- 
ferior part of tbe mass presents a 
multitude of appendages (Jig. 376), 
which penetrate into the soil, indi- 
cating a liquid matter that has been 
moulded in rents or crevices. The 
eartli on which the mass rests is 
, often found calcined through a great- 
' er or less thickness, and the debris 
Fig. ine.~ApptnJagt» of batiiU of plants it contains are carbonised, 
in tubjacent rocla. On the Other hand, there is often 

found on the surface of basa'ltic tables points of scorification, par- 
ticular elevations, and even crate'riform depressions, towards which 
the melted matter seems to have retired at a certain moment before 
solidifying. 

6. Baga'lHc hillocks, or bosses, are of difierent kinds : some 
se«n to be the remnants of an extensire table which had been 
partly destroyed ; in this case the principal mass of the bosse be- 
longs to one or another species of soil, and the summit only is 
basaitic. In others, on the contrary, the whole hillock is formed 
of basa'li, and the base is lost in masses of sand and debris, which 
prevent us from seeing what is beneath ; some others are attached 
to veins or seams. The composition of these hillocks, like that of 
tabubr basalt, varies. 

7. Bast^llic veins, or seams. Basa'lt is frequently found in 
veins. Most frequently the mass of the seam or vein is compact, 
or irregularly cracked,. but it is often divided into prisms, perpen- 
dicular to the parietes of the crevice, which then become the 
cooling surfaces (Jig. 377). The matters in these seams are rarely 
scorified, but some instances are met in Vivarais and Auvergne. 
Most frequently basa'ltic veins are prolonged to the surface of the 
soil, where they present their out-crop ; but it frequently happens, 
also, they terminate above in pointed masses (Jig. 278), sometimes 
bifurcated, which are lost in the rocks througn wliich they pass. 
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Fig. 277. — Fieio 0/ prutat 

batarU. 

This circumstance positively indicates Ibat the basa'lt was not in- 
troduced from above, and ihat it could only have been injected 
from the interior towards the exteiioT of the earth. Sometimes 
the vein glides betwixt two strata, which it follows to a greater or 
less extent ; or, in ramifying, it launches a part of ils mass into 
ihe interval, and ends by terminating there in a corner, whence it 
spreads into all the little fissures of the rock. 

6. Along the course of basa'itic 
veins, the out-crops of which are 
seen on the surface of the soil, 
various isolated hillocks are fre- 
quently observed {Jig. 279), seve- 
ral together at various distances 
apart, which appear to be nothing 
more than partial ejections, like 
the cones formed along the some I 
creek in modem volcanic erup- ] 
tions. Most often they are almcet 

entirely composed of scoris, but Fig.279.~mtiKk$ on tie emme 0/ 
some are found which consist of win. 

pure basa'lt. Sometimes nistead of hillocks there are eflu'^ions 
of tables of more or less thickness {^g 380) which are also 
found along the course of a ~ 

vein. All these circumstances 
tend Co explain the formation 

of isolated hillocks, as well as - ,, 

the series of hillocks in ]iae,^'g-^^'*—^"" *'""'"'""' '"'"^'■ 
found in a great many localities where the internal vein has found 
here and there an outlet. 

9. Action of bana'lt on adjacent rocks. — The calcination of 
clays, aiid the carbonisation of vegetable debris lying beneath ba- 
sa'lt, have been mentioned ; granite traversed by veins of it is very 
much altered, portions of rocks which have been enveloped ip 
& How are isolated hiltockii of basa'lt acajunled for 7 
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basa'lt are oden melted on the surface, quartz and feldspar are 
cracked, sometimes enTeloped or penetrated by viireous matter. 
MarJa, earthy limestones in contact with basa'Jt, or pierced by its 
veins, and especially fragments of mailer dmwn into ihe basa'ltjc 
mass, are converted into compact limestone, sometimes approach- 
ing the saccharoid state. These limesiones also become magne- 
sian, and are converted into true dolomiles, distinguished from the 
rest of the enveloping mass by their slow cfTervescence. Dolomi- 
sa'tion seems to be due to the presence of igneous products. When 
basa'ltic veins pass through carbona'ceous deposits, the clays are 
calcined, the coal is deprived of its bitumen, and asstiraes a baccil- 
lar (berry-like) structure. 

Basa'ltic deposits, in tables, hillocka, or veins, ire more abundant on the 
■urfaoe of iJie globo than all the lavas in ascertained cutretita, wlijoh is, 
doubtlessly, owing to their mode of ejection. Sasa'lts are found in Francei 
the borders of the Rhine, in Saiony, Bohemia, ii-c. Iceland contains ■, 
lat quanljlj, and the same rocks predominate in the West Indies, at SL 
lena, Slc, and in almost all the islands of the South Seas. 
Basa'ltic formiliona are noticed wherever Ihej occur, in consequence of 
the tendency of the principal rocks to divide into long prisms, the varied 
arrangements of which have often excited the admiration of the Rurious. 
Here ail the prisms converge at the summit of a hillock ; there they form 
magnificent colonnades of the most picluresque appearance; in another 
place all Ihe columns, broken al the same level, present a pavement com- 
posed of pieces regularly joined, extending over a greater or less space, anil 
■ometimcs formed into an amphitheatre, one above the other. The gran. 
deur, the imposing appearance of these pavements, have obtained for them 
the name of Gianti' Cauteway. 

The Giants' Causeway in Ireland is famous ; but a similar elructare 
eiista in France. Somelimcs there are excavations in the middle of ba- 
saltic masses, or trappean rocks, which resemble them most, some of them 
fbtming very remarkable grottoes. The most celebrated is Fingal's cave, 
in the island of SlafTa, 
which is formed in the 
midst of trap, divided 
into prismatic columns 
et regn- 

Jlyleats. 

. the ba- 

properly so called; 



s: 



fc the sea I 
E Others 

Psa'lt,p, 



between Trevi 
nd Cob 



{fig. 981 
.8 of whi< 



are composed of rounded 

pieces, which has caused 

Fig. %B\jr-Chetit.gtelU, at BtrUieh-Baden. them to be compared la 

piles of cheeses, whence the name of chcese.g ratio, common in the country. 
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10. The Drctchytic formation, is very extensive. It presents 
itself not only in conical hillocks, running in narrow hands, but 
also in piled-up tables on the surface ; tra'chyte constitutes great 
mountains, most frequently united in very extended groups, which 
form very high masses, ordinarily the highest in the country, 
covered with asperities ; their sides are broken into valleys and 
deep ravines, with steep escarpments, and with all the circum- 
stances of lofty chains. The tra'chytic formation is in strong 
contrast with tne igneous rocks we have heretofore studied, al- 
though close inspection would show them to bear various relations 
with deposits of basa'lt or lava. 

11. The rocks which constitute the tra'chytic formation are ex- 
tremely varied. Most of these substances, as their name indicates, 
are rough to the touchj because they are most generally finely 
porous, sometimes cavernous, scoria'ceous, pumice-Hke ; but there 
are some that are perfectly compact, and present the porphyri'tic 
structure, frequently with tints of grey, red, brown, or black, on 
which are white crystals of albi'te and of rya'colite. There are 
some, more or less earthy, ordinarily of clear tints, called domi'tCj 
because the Puy de Dome is composed of it. The base of all 
these rocks, which is inattackable by acids, is albi'tic or ryacoli'tic, 
formed of a multitude of microscopic crystals mingled together, 
the whole constituting a mass which is more or less compact. The 
disseminated substances are albi'te, in crystals of greater or less 
size, rya'colite, black mica, amphibole hornblende, but rarely py'- 
roxene augi'te. Cluartz in crystals, and chalcedony in small nodules 
are also found in it sometimes, and especially in a certain very 
cavernous species, hitherto found only in Hungary, the cement of 
which also contains many small striated balls of sphe'roUte (from 
the Greek spheira, a sphere, and lithas, a stone). 

12. The name pho'noUte (from the Greek phdne, a sound, and 
lithos, a stone) has been given to rocks more or less analogous to 
tra'chyte, but differing from it in this, that their base is attackable 
by acids> leaving a residue of rya'colite. These rocks are most 
often compact, greyish or greenish, sometimes porphyroid, but in 
which disseminated substances are rare. They are frequently 
divided into plates or leaves of variable thickness, and in certain 
cases the whole mass is divided into prismatic columns, which are 
more frequently divergent and contorted than vertical. Pho*no- 
Jites have been sometimes confounded with certain porphyroidal 
varieties of tra'chyte, which possess nearly the same appearance, 
but not the same solubiHty. 

13. Some tra'chytic formations contain considerable deposits of 

10. Under what ibrms do we find the tra'chytic formation ? 

11. What are the characters of those rocks which constitute the tra'- 
chytic formation ? What is domite ? 

12. What is phonolite 7 What are its characters ? 

13. Do all tra'chytic formations contain obsidian ? 



DIORITE, TRAP ROCKS, &c; 



obsidian nod of pe'rlite, with all iheir gradations to pumice. Their 
abundance and character vary according to locality ; they prepon- 
derate in some countries, while in others scarce a trace of ihem is 



14. IH'orite, trap rocks, amyg'daloid, SfC. — There is nothing 
iiiore anaJogons to oasalt than certain black rocks, some of which, 
according to the numerous gradations they present in deposits in 
which the elements are distinct, must be mixtures of albi'te and of 
ampbibole, and others are of an unknown, or at least doubtful 
nature. The first are designated in France under the name of 
di'ofite, and in Germany they are known as gmnstein. The 
othera have long borne (he appellation of trap (from the Swedish, 
Ifoppa, a stair), the nature of which it is still impossible to deter- 
mine definitely. These rocks bear some relation, as much by 
their position m certain localities as by their mineralogical charac- 
ter, to certain substances called amygdaloid^, in consequence of 
the nodules of various matters they contain, which are known in 
England as loatlslone, and whinstone, the iialure of which is oAeti 
not belter known. 

15. For a long lime these rocks were supposed to be of aqueous 
origin ; but it is now ascertained that they are from igneous 
causes. 

16. At first, in spile of the absence of scoria'ceotts matters, 
these rocks, and especially those named trap, present all the 
features of basa'ltic deposits ; they are found in isolated hillocks, 
or in tables of greater or less eiteni ; their mass is often divided 
into prismatic columns, which possess precisely the same appear- 
ance as basa'ltic colonnades, giants' causeways, and all the forma 
of baaa'lt. On the other hand, these substances are frequently 
found in veins ; and it is remarked that these veins or seams ter- 
minate above in a pointed mass 
{thfig- 282), or in their course send 
OQ small ramifications (6) into the 
rocks through which they pass — 
small ma^es (c), sometimes tsoTated, 
sometimes communicating with the 
principal mass by a thin seam. The 
enclosing rocks are sometimes occa- 

Fig. 3S3.-Vtin»^ trap-Iceland. ^^^^^^^^ perforated by small ramifi- 
cations, and even to the finest fissures. These circumstances evi- 
dently show these are not cracks filled from above, and can be 
regarded only as injections from the interior, thrown with sufficient 
force to penetrate the smallest fissures, to detach and carry away " 
fragments of rock sometimes found in their substance, as at d. 

17. All these circumstances are exactly the same as those seen 

U. Whatiadi'orite? WliatislrapT ■ ~ 

15. What is the origin of di'orite mid trap? 

16. What arc iJic clioractcts of trap ? la what furin is trap met with 1 
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in basalt. It is the same with beds, in appearance regular, 
seen between sedimentary layers ; observation shows they are 
only ramifications of veins. This is clearly seen at Trotternish, 
in the isle of Sky {Jig» 283), where a great seam of trap commu- 
nicates with a bed of similar matter, which is itself divided further 
on into three branches. Hence it is evident the intercalation of 




Fig. 283. — Injection of trap into sedimentary rocks. Isle of Sky. . 

tra'ppean rocks in arena'ceous b^s is the result of an injection, 
which followed the separation of the beds of the sedimentary de- 
posit to a greater or less distance, as in the case of the basa'lts of 
Villeneuve-de-Berg {Jig. 278). 

18. Se/pentine and DidUage ; different porphyries, — ^Magne- 
sian rocks, called ser*pentine, often accompany trap and di orite ; 
they very frequently form seams or veins of themselves, Ser'- 
pentines and eu'photides are often injected in all manners into cal- 
careous deposits belonging to the jura'ssic period. Sometimes 
they form veins, sometimes thick strata ; they often present brec- 
cias of every species vvhich constitute the marbles called verd 
anti'que, verddEgypte, &c. The limestones mingled with these 
rocks are all in the siiccharo'id state, and furnish the most beautiful 
statuary marble and the most brilliant breccias; yet, if we ex- 
amine them carefully, we find they belong entirely to the compact, 
and more or less earthy limestones, the surrounding deposits of 
which they* are evidently a continuation. The schistose clays and 
sandstone, which alternate with the last, are found converted in 
the others into jaspers of different varieties. 

The iippearance of pyroxenic rocks, meWphyries (porphyries, the con- 
stituents of which are united by a black cement), and other porphyries 
which belong' to them, is productive of circumstances of the same kind ; 
M. de Buch long since pointed them out in the Tyrol, and subsequently in 
upper Lonibardy. They are also found all along the Alps, and are repre- 
sented in the same direction in Provence in the midst of the mountains of 
Esterel: all is upturned in the neighbourhood of these rocks, which, in 
** coming to day," have upheaved around them calcareous deposits of dif- 
ferent tormations, dislocating, and placing them in the most abnormal posi- 
tions. Wherevier they are in contact with these porphyries, and to a con- 
sideraUe distance beyond, limestones are transformed into dolomite, and in 
such a manner that the same deposits are of simple limestone in some parts, 
and of dolomite injected into those which are near to rocks of crystailliza- 
tion. What is most remarkable is, that the few organic remains met in 

17. How does trap resemble basa'It ? 

16. What is serpentine ? What is verd antique 7 

16* 
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thew modified limeatoncB, even the tbdU of molhska or madrepore!, Bfs 
iound changvd into mifneaia ; this clearl; proves that ui action Babaeqnent 
to the (brmation of the deposit hai prodDced dolomiila'lioii, lor no shell «t 
Ruulrepore exist* which lutarallj contains magnesia, either in the Uvlug or 
fbsBll state, where the depoait has undergone no modilicatloa. 

Feldepathic porphyries are oflen so characterized that there can he no 
doubt of their igneoas origin. Not only are Ihej found in veins in the 
ididgt of rocks, but the; set like trachytes, in passing through sfdit 
rocks, the fragments of which they glue together to form conglomerates ; 
they oflen uliite themselves in the most intimste manner to arena'ceons do- 
posits which harden in their vicinity. 

19. Granilic rocks. — There can be no doubt us to the igneous 
nature of the preceding rocks, froni the manner in which they are 
injected into oil kinds of deposits, and from the modificatioas they 
produce in the substances they pass through or upheave. The 
same is true of all granitic rocks, that is of granite properly so 
called, of syenites, wiiich resemble them more or less in appear- 
ance, and pass into them in all manners, of certain cneiss rocks, 
which belong immediately lo one or the other, &c. In short, it is 
inferred from a great mass of observations, collected first in Eng- 
land by Dr. Macculjoch, afterwajds verified by other geologists, 
that the granites, which are massive rocks, and therefore distinct 
from aqueous deposits, which are ordinarily stratified, act, on their 
appearonce, exactly like the traps, dioriles, and porphyries. 

30. In the valley of Glen-Tilt, in Scotland, granite is found 
injected into calcareous deposits, which alternate with argilla'ceous 
schists {Jig. 284), into which it sometimes forces separate masses 
(a); fragments of limestone (b) are also found enveloped in the 
granite itself. In other places vertical veins traverse the rock 
{Jig' 285), sometimes entirely, sometimes terminating in pointed 



19. What is the origin of granitic rocks? What rocks are inda 
under the name of granitic rocks ? 
' SO. What circumstances prove the igneou* origin of granitic rockiT 
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Btoses, like the diorites and basa'lts, which also ghows that the 
niatter came from below upwards, and that it was driven with 
OTeat force. These facts do not present themselves in a particular 
locahty only, but are observed in all parts of the world. 

The state of pasty fusion in which the granites were, is indicated by the 
manner in which these rocks are enveloped in certain sedimentary deposits, 
or efiiised on the different soils they pass through. In the coal-measures 
of La Pleau, to the sooth- west of Ussel, a portion of the formation has been 
enveloped by porphyroid granites, which are found above and below. ' The 
coal is there hard, as on all the plateau, and the deposit is very irregular. 
In a great many localities, we find grzuiite superposed on all sedimentary 
deposits fVom schists, and the most ancient rocks, to those of the jura'ssic 
period. There are different places in the Alps, where one may touch at the 
same time, superposed rocks of crystallization and the subjacent sedimentary 
deposit 

The action of granitic rocks on those through which they pass is the 
same as that of the preceding rocks ; compact, o'olitic, and earthy lime- 
stones are converted into saccharold limestones, from which organic re- 
mains have most frequently disappeared ; they assume bright colours of 
every kind, green, red, black, &c., and, in contact with mica, are filled with 
garnets and various other crystalline substances. They are oflen converted 
into dolomites, which are nowhere more abundant than in formations of 
granite — and sometimes into gypsum, as proved by the out-croppings of this 
substance in certain parts of the Alps. Clays, and various arena'ceous sub- 
stances are transformed into jasper, and finally assume the characters of 
mica'ceous or talcose schist, and gneiss. Simple sandstones of sedimentary 
formations, on the approach of granite, are converted into beds of granular 
quartz. It sometimes happens that modified schistose sandstones still pre- 
serve their arena' ceous structure, although they may have become very 
solid ; even the mica-schists to which they pass contain here and there thin 
strata of sandy quartz, interposed between laminee of mica, which seems to 
announce the remains of ancient modified sandstone. 

Granitic rocks, referred to different ages, are very abundant on the sur-* 
face of the globe ; being found sometimes in very lofly mountain chains, 
and sometimes forming rounded hills disintegrated on the surface, and cover- 
ing considerable extents of country. 

21. Metalliferous lodesy veins j masses. — ^The dolomisa'tion 
and the sulphatisa'tion of limestones, the presence of various sub-- 
stances in adjacent rocks, are not the only facts referable to the 
passage of igneous rocks from the bosom of the earth. It also 
happens that, on the contact of the new with the ancient rock, the 
deposits are filled with different metallic minerals, either dissemi- 
nated or injected into fissures, and between beds, or accumulated 
in small masses, sometimes united by slender threads. This has 
been remarked by M. Dufrenoy in regard to iron ores in the Py- 
renees, which are found either in Hmestone, or placed between 
sedimentary deposits and the granite which upheaved the soHd 
mass. 

It is evident, lodes or seams o£ ores are related to igneous action. As to 
those which are deposited in veins, it is to be remarked, we have never Jiad 
occasion to follow them to a sufficient depth to ascertain whether they ter- 

«■ ■ ' ■ — ■ 

21. How are metalU'ferous veins produced 7 
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minate abruptly, and consequently whether they fill cracks opened from the 
surface towards the interior ; but they are known to terminate in pointed 
masses upwards, as at Joacfaimstal in Bohemia, and in many other places, 
in small veins which have been worked. This circumstance leads us to 
think that metalli'ferous veins have been produced by an injection from th^ 
interior towards the surface, in the same way as the stony veins we have 
mentioned. Besides, veins of this sort are strongly united to the others : 
thus, at Pontgibaud, the same veins are sometimes granitic and sometimes 
metalli'ferous ; in many other places metalliferous veins accompany por- 
phyritic veins, and even veins of basalt, as in Bohemia, and the two sub- 
stances mutually penetrate each other, sometimes one and sometimes the 
other being above. On the other hand, we very frequently find in the same 
localities stony and mctalli'ferous veins running parallel to each other, 
sometimes crossing in different ways, one throwing the other aside, and 
thus mutually producing more or less marked &ults. Sometimes the stony 
displace the metalli'fereus veins ; sometimes, on the contrary, tlie latter 
turn aside tlie others : in everything they act exactly alike, and it is impos- 
sible not to refer them to the same origin. It is also remarked that veins 
generally follow great lines of dislocation of the crust of the earth. 

We find in mctalli'ferous veins the influence of those which pass through 
or accompany them, and which deposit, to a certain extent, substances not 
previously observed. The influence of the rock passed through is seen in 
metalli'ferous veins, as well as in those of trap; and it has been long known to 
miners, that a poor vein in a determined bed at once becomes rich by pass- 
ing into another, and the contrary : hence, the sudden success and unfore- 
seen reverses in mining operations. 

22. Metalli'ferous masses being in 
general but accumulations of small veins 
running in all directions [Jig, 286), or 
an abundant dissemination m the midst 
of a stony substance of the kind attri- 
Fig.2%^,^Metalli'ferou9 fcuted to the action of fire, it is clear 
'"^*** these deposits are produced in the same 

way as those just mentioned. These masses, the principal of 
which present us with ores of tih, topper py'rite's, and magnetic 
iron, are chiefly composed of granites, porphyries, various mag- 
nesian rocks, m which the ores are found. The metalli'ferous 
mass of Zinwald, in Bohemia, is a particular granite enclosed in 
a porphyry; that of Altemberg, in Saxony, is a ' porphyritic mass 
enclosed, in gneiss. The celebrated niasis of magnetic iron of 
Taberg, in Sweden, is a mass of diorite enclosed in gneiss ; thai 
of Cogne, in Piedmont, is a mass of sferperltine driven into the 
calci'ferous mica'ceous schist. 

23. Metalli'ferous lodes in regular beds, are merely veins which 
have followed the stratification, as we observed in traps {fig* 283), 
or deposits which were formed in contatt with sedimentary beos 
and the fused matters that upheaved them. But we must not con- 
found the masses and veins, just mentioned, with certain deposits 
of o'olitic iron ores found in sedimentary formations. Among the 




22. Of what do metalli'fbrous masses usually consist ? 

23. What is meant by the term lode ? 
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latter, some form beds of more or less 
extent in the midst of calcareous forma- 
tions, others fill wide apertures of little 
depth, from above, which sometimes 
communicate with caverns (y?^ 287) ; p. <isi.^CreviZ7 Jilud 
but these facts are ol a clilierent order yy^^ ^^ exterior, 

from those just described. 

24. Metamorphism, — ^From all the facts we have cited (which 
might be vastly augmented in number by reference to details in 
many localities), we must conclude that crystalline rocks, which 
are all formed of si'licates, extensively varied and mixed with each 
other, have been produced by the action of fire ; that at different 
epochs they have dislocated, uplifted, or overturned the sediment- 
ary deposits, modifying the mass in all manners — and it is to these 
great phenomena that are due all the seeming disorder observed 
on the surface of the globe, as well as all the successive changes, 
the traces of which may be perceived at every step. 

When we see earthy or compact limestones become crystalline on the 
approach of these different kinds of rocks — ^to fill with Yarious substances 
they do not contain at certain distances — to be charged with magnesia in 
cracking in all parts, and to disintegrate with more or less facility ; when 
schistose clays and arena'ceous substances are converted into different 
jaspers, and become charged with mica and am'phibole, and assume the 
characters of gneiss, of mica'ceous or talcose schist ; finally, when sand- 
stones are transformed into beds of solid quartz, can we be surprised that 
most modern geologists have adopted the idea of complete changes effected 
in a great number of sedimentary deposits, and that they resort to this 
metamorphism^ long since perceived by Hutton, Playfair, and Dr. Macul. 
loch, to explain a multitude of facts, observed especially in deposits anciently 
designated under the names of primitive and transition formations ? The 
facts appear so extraordinary, that we may be led to suppose a little ex. 
Iteration : but we must reject evidence to deny that there are saccharold 
limestones, dolomites, mica-schists, gneiss, granular quartz, &.C., which are 
the result of a change produced in earthy or compact limestones, clays, 
sands, ^c. of sedimentary formation : is it then so ridiculous to suppose 
that such has been their origin in all cases ? 

These ideas, now more striking, because they are expressed by a proper 
word, are nevertheless not absolutely new; all works on geology are actually 
full of them, and the facts are not less remarkable from being expressed in 
other terms. There is no description of a country, going back to the time 
of Saussure, whose works are still remarkable for their fidelity of details, 
in which are not seen numerous passages of different arcna'ceous deposits 
to rocks of crystallization, of schistose grauwackes to talcose schists, to 
mica'ceous schists, and from these to gneiss, or the passage of sandstone to 
different kinds of granite and porphyries on which they rest, &c. Is not 
the fact of the modifications, now described under the term of metamor^ 
phismy here clearly indicated — to which time has added only more details 
and greater precision ? 

It is certain that in departing firom schistose grauwackes, for example, 
and going towards some mountain or islet of crystallization, we find these 

Q4. What is meant by metamorphism ? Of what do crystalline rocks 
consist ? 



178 METAMORPHISM. 



substances themselves become more crystalline in character, aiid sometimes, 
without losing the organic remains they contain, become filled with new 
minerals ; in Brittany these schists are filled with andalu'site, sometimes 
staurotides, near all granitic deposits. Elsewhere, as in Vosges, in the 
mountains of Var, we see them pass to mica-schist ; and the latter to gneiss, 
which, itself, insensibly becomes granite. Now, as if the intimate union 
observed were not sufficient, these mica-shists, then the gneiss itself, contain 
carburetted schist, or even graphite, veins of anthracite, which remind us of 
the deposits which are found further in the schists of grauwackes, and suffi- 
ciently marked to determine the pursuit of coal. 

It is, then, evident that all the rocks we have cited, no matter how they 
may differ, are only modifications, mere metamorphoses of one or all; and, 
as it is in approaching granitic rocks, evidently produced by igneous action, 
that these metamorphoses become more and more marked, jt is clear that it 
is to the influence of the latter that they are due. The same influence is 
manifest on the sandstones of different ages, at various points where they 
are in imq[iediate contact with granite : the modifications are such that the 
special name, arkose, has been applied to them. They then pass through 
all shades to granite, and become filled with different substances that they 
do not contain elsewhere. 

Near porphyritic ejections, schists frequently present modifications of an- 
other kind. Here the most earthy, and the most evidently sedimentary parts, 
pass by degrees to compact substances, more and more feldspathic, preserv- 
ing more or less of their schistose character, and finally end by containing 
crystals of feldspar ; elsewhere these same matters pass to solid clays, con- 
taining veins of limestone, then nodules of the same substance, which as- 
sume all the characters of amygdaloids, losing, only little by little, their 
schistose structure. 

The same phenomena are remarked between diverse sandstones and por- 
phyries that intersect them. The arena'ceous matter gradually hardens, 
becomes more compact, and finally unites with the porphyry in such a 
manner that it is not easy to determine where one begins or the other ends. 

AH these fiicts pertain really, with the exception of some details, to ancient 
geology ; and it is only the manner of explaining them that has changed. 
£ver3rthing conspiring to demonstrate that crystalline substances have ^en 
produced by the action of fire, and forced through sedimentary deposits, we 
now understand tliat the latter have been modified, or metamorphosed in 
different ways by their influence, in a degree corresponding to their proxi- 
mity : the effects entirely cease only at greater or less distances. 

It is conceived that one part of these metamorphoses of sedimentary forma- 
tions arises from the simple action of heat without new fusion, but sufficient 
to modify the texture of masses, and even to unite elements in other propor- 
tions, as happens when transparent glass is submitted to a temperature in- 
suflicient to melt it, in which, nevertheless, a new crystallization takes place. 
Bnt this idea is not sufficient of itself; we must conceive another action, 
which we are not yet able to explain or account for, in virtue of which par- 
ticular substances have been borne, or developed, in the midst of rocks found 
in the neighbourhood of divers upturnings, of which the globe is the theatre. 
We readily conceive of the introduction of sulphuric acid, which is frequently 
formed in volcanoes ; but we do not understand that of magnesia and diffe- 
rent species of si'licates, and, as respects them, all is still purely hypothetical. 
We may compare these facts to cementu'tion^ by means of which iron is 
converted into steel ; a phenomenon which is manifested not only in contact 
with carbona'ceous matter, but extends far into the ferru'ginous mass, and 
even takes place at a distance, according to the experiments of M. Laurent, 
who has shown that carbona'ceous matter may penetrate iron even through 
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porcelain tubes. We also know, from experiment, and many effects ob- 
served in manufactories, that the peroxide of iron, the oxides of chrome, &c., 
•are vola'tilized, and penetrate the substance of bodies that envelope them. 
The experiments of M. Gaudin, with a blow-pipe on a de'tonating mixture, 
show that silex, magnesia, and lime, are also volatile oxides ; the first after 
fiision, the others before being melted. These facts evidently lead to an ex- 
planation of all the phenomena of metamorphism, and the intrusion of 
foreign substances into sedimentary deposits, either in veins or in a state ol 
dissemination. 

EFFECTS ATTRIBUTABLE TO EROSION. 

We have seen that waters act by the carbonic acid they contain ; by their 
Weight ; by their dissolving power ; by their transporting power ; by their 
shock, as in waves of the sea, and thus denude continents. We have also 
pointed out, that in arena'ceous formations, valleys are produced by erosion, 
precisely as ravines are formed in sandy soils, by the action of rain-water. 
Hence we may infer that, in every revolution that movements of the soil 
must have necessarily determined, the waters, thrown forcibly sometimes on 
one side and sometimes on the other, must, as in our time during earths 
quakes, have ravaged, divided, and modified pre-existing deposits in various 
ways. Many circumstances may be explained by erosion of waters, and the 
denudations it occasions. 

25. At first, when we see more or less numerous hillocks of 
sedimentary matter in a country {Jig. 288), whose summits are 




Fig. 288. — Hills produced by denudation. 

nearly on the same level, and whose strata correspond with each 
other, we are naturally led to consider them as evidence of great 
removals effected by the waters, at certain epochs, the relative 
dates of which remain to be ascertained. In this way we explain, 
according to appearance, all the sections which the sandstones pre- 
sent on the eastern slope of Vosges ; that remarkable assemblage 
of peaks of every form seen at Aldersbach, in Bohemia ; the nu- 
merous hills that cover Ross-shire, in Scotland ; the gypseous hills 
in the neighbourhood of Paris, all composed of the same beds 
placed at the same height ; and the division of the basaltic tables 
that crown the hills, in certain localities, as well as the rupture of 
certain lava-floods that had barricaded valleys, &c., &c. 

Valleys which intersect moveable formations are evidently produced in the 
same way ; and there is no doubt that most of those existing in solid forma- 
tions, have been modified by erosion of water afler the rupture which gave 
origin io them. In this way we may explain the smoothing of all their 
parietes, in a great many localities, and the widening of their upper parts. 
The great lakes sometimes found at the extremity of valleys, as on the two 
slopes of the Alpf?, in Switzerland and Piedmont, may be attributed to the 
afflux of waters which rushed through them, at the period of some great ca- 
tastrophe,' and emptied with violence on the plain in which they terminated. 

35. What forms of surface are attributable to erosion and d^nuda,^iQn? 
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Many other facts are explained by the power of erosion and transport by 
Wfiter. When, by studying faults in the interior of mines, we clearly see 
that the beds no longer correspond, and that a' part of the formation must, 
have been uplifted (Jig, 289) ; then, if the soil, a, 6, c, is l^vel on the surface, 




Fig. 289. 



Fig. 290. 



we naturally ask what has become of the beds d and /, which ought to have 
formed a hillock between h and c. It is clear these beds must have been 
removed, which we may conceive was only by a posterior action of waters, 
which carried away the debris, and perhaps spread tliem over the surface. 
In the same way, when we see a vein form a projection, a dyke on the sur- 
face of the soil (^g-. 203, page 119), we conceive that it could not have 
formed in this manner, and that the uncovered part must have been once 
encased just as that is which is now covered ; the surrounding formation 
has been uplifted then afterwards, at least along the whole actual height of 
the projection. Something similar necessarily took place at points where 
veins crop out on the surface, or are covered by moveable soil (^5". 290) ; it 
is not probable that melted matter injected in the crack would be immedi- 
ately arrested at the surface of the earth, and it is presumable that the soil 
has been removed and subsequently covered by various clearings." We are 
thus led to understand how so many basa'ltic masses now ofier no trace of 
scoria'ceous matter, neither in themselves nor in their vicinity. These im- 
perfectly aggregated debris have been subsequently carried away by the 
aetion of water, and perhaps it is the same with the scoria'ceous matter 
which must have accompanied tlie appearance of trap. 

The prodigious power exerted by wayes, and the effects they have pro- 
duced in our times, lead us to think, also, that all the rocks formed around 
islands and reefs at a short distance from coasts, or the often fanciful groups 
in the midst of the sea, are also the remnants of some great division caused 
by water, as much in removable matters, easily disintegrated, as in masses 
broken by earthquakes and different movements of the soil, and. certain 
parts of which have been afterwards removed, either by repeated shocks of 
waves or sudden debacles. In this way we may explain the numerous 
accidents in rocks which bound coasts, or are isolated in the midst of the 
ocean, as in the sinkings of the chalk of Etrelat {Jig. 291), and the sec- 
tions of porphyritic or granitic rocks in the Shetland islands {Jig. 292). It 
is conceived that straits, more or less extended, may have b^n formed 
by the two combined actions of currents of water and rupture which the 
soil might have undergone, by upheaval or subsidence, at determined 
epochs. 

From these observations, we see that many effects may be attributed to 
the action of water which cannot be in any other way explained. We may 
see denudations in the midst of mountains and valleys, recognise the ancient 
sinkings which bordered seas at different ages, and hence appreciate their 
limits, as well as all other circumstances connected with them. Reference 
to the immediate action of water should be always carefully restricted to the 
moveable or loose matters found on the surface of the globe; for when 
solid matters are in question, which water attacks too slowfy, we are led ta 
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Fig.Q91. Fig.Sn. 

Bxamplei of roeii cut and faihioiird by tcaler. 
think that ourrenU itnd waves cannot act efTectivelj until the eoit has been 
pieviooalf prepared bv the Gsaures or deterioiatiaiis caused in rocka b; 
moTeinents of the earth. 

We must natconronnd nith divisioDB produced bj water certua accidents 
which maj result from shrinking produced by metamorphism. This pro. 
bablj takes place In dolomites, which follow compact limestone in a great 
many places, as in the Tyrol and in Cevennes. Masses of these matters 
are frequently split and slashed in all directions on the surface, particularly 
on the summits of mountains or on pliteaui, very nearly in the same way 
that calcareous deposits are cut by water. Now, the change from n siniplo 
to a double carbonate, specifically heavier, requires contraction in masses 
. lubmilled to dolomisa'tion ; Iherefore, the latter must be split and cracked 
in all directions, and the denudationa they present 
these effects. 



(Haasijkatiim of Fbrmaiiom — Different kinds of Stratijicalion 
— Dip — Stnke — Conformable Straiificalion — Unconformable 
Strati^aiion— False Stratijication— The form and habits of 
an Jinimai dtduHble from a single bone — Relative ages of Ihe 
principal eataitrophes of the Globe — Systems of Upheavai — 
Cla»sification of— State of Europe at different epochs of forma- 
tion — Deluge — Oeogeny. 

Gaatijicalion cf Formations. 

1, As already mentioned, the several formations are divided inlo 
two Classes, namely : 

Isl. Massive, or igneous formations, which are produced by the 
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action of fire, and are not stratified. The terms primitive and 
transition have been applied to these formations, but, as they are 
inexact, they are going out of use. 

2d. Sedimentary formations, which are deposited by the action 
of water, and are stratified, 

2. Massive, or igneous formations escaped from' the earth in 
a state of fusion, and became solid by cooling, but without being 
stratified. They are divided into two classes : 1st, those crystal- 
line rocks which are not traceable to the crater of any volcano now 
recognisable, such as granite, trachyte, &c. ; 2d, massive rocks of 
a slightly crystalline structure, traceable to volcanoes, such as 
modern and ancient lavas, and basa'ltic formations. 

3. Sedimentary formations are arranged according to their 
relative antiquity : they are divided into groups, composed of those 
which appear to have been formed either at the same epoch or 
during a geological period, during which the general condition of 
the earth appears to have undergone no important change. These 
formations are commonly divided into five groups, namely; 

4. First. Primary stratified rocks, in which neither organic 
remains, nor fragments of the most ancient rocks are found ; this 
group includes gneiss, mica-schist, quartz,, transition limestone, 
and argil la'ceous schist. 

6. Second. The transition formations, which rest on the pri- 
mary stratified rocks, and contain fossils of plants or animals, but 
which appear to have been deposited prior to the creation of the 
most perfect beings of either kingdom, and only contain the remains 
of aquatic animals, which are all very different from those of our 
times, such as tri'lobites {fig* 4, page 28). This group includes 
fossili'ferous schists, transition limestones, &c. 

6. Third. The secondary formations were deposited at periods 
less remote than the transition, and consequently rest on beds of 
the latter, or on primary rocks ; but they go back to a time when 
the state of the globe was very dififerent from its present condition ; 
very few mammals then existed ; ammonites are among the most 
characteristic fossils of the secondary formation : 

The secondary formations are subdivided into, 

1st. The carboni'ferous, which includes old red sandstone, mountain lime- 
stone, and coal : 

2d. The sali'ferouSy embracing new red sandstone muschelkalk, and 
variegated marls, forming the tria'ssic system : 

2. What are the divisions of the igneous formations ? 

3. How are sedimentacy formations arranged ? How ar^ they divided ? ' 

4. How are primary stratified rocks characterized 7 What rocks are 
included in this group ? 

5. On what do the transition formations rest ? How arc they charac 
terized 7 

6. On what do the secondary formations rest ? What are the most cha- 
racteristic fossils of the secondary formations 7 How are they subdivided 7 
What are the divisions 7 
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dd. The jura'ssic^ embracing the Ha'ssic, the o'olite, and wealden groups : 
4th. The creta'ceous, embracing the lower greensand, gault, upper green- 
sand, chalk marl, chalk without, and chalk with flints. 

7. Fourth. The texiiary formations, which, being more re- 
cent, covered all the preceding formations ; they date from a period 
when animals and plants belonging to all the great classes existedj 
but sjill anterior to the creation of man : 

The tertiaries are subdivided into three groups ; 

1st The older tertiary or eocene, which embraces the I^ondon clay, bag- 
shot sand, and Paris Basin. 

2d. The middle tertiary, or miocene, which embraces the Coralline crag, 
Red crag, the Molasse of Switzerland, &:c. 

3d. The newer tertiary, or Pliocene, which embraces Norwich crag, the 
sub-Apennine beds, the Brown coal of Germany, &c., as well as the super- 
ficial deposits, called Pleistocene^ consisting of diluvium and alluvium. 

8. Fifth. The modem formations, which are contemporaneous 
with the existence of man on the earth, and are still being formed. 

The subdivisions embrace : 

Ist. Peat-bogs, formed by the accumulation of the debris of certain plants. 

2d. Coral formations, from the multiplication of polypa'ria as seen in the 
coral islands of the Pacific. 

3d. Concretionary formations, formed by calcareous and other matters, 
found in solution in the waters of certain springs, &.c. ; as travertin, stala'c- 
tites, stala'gmites, &c. 

4th. Formations from transport or drifl ; as fluviatile, terrestrial, or marine 
alluvions, dunes, &,c. 

5th. HamuSy or vegetable earth, formed directly by the disintegration of 
other formations, and their mixture with the products of decomposition of 
plants and animals, spread in a layer of more or less thickness, on almost 
every point of the surface of the earth. 

9. All these deposits are superposed one on the other, in a con- 
stant order ; and if it were possible to make a sufficient section in 
a part of the globe where they all exist together, we should find a 
succession of twenty-seven stories, or layers, distinguishable by 
their different characters. But each of the great deposits is divided 
and subdivided into various layers, more or Jess distinct, composed 
most frequently of arena'ceous substances, clay and Hmestone, of 
different degrees of consistence, and in beds of varying thickness. 
The assemblage of their alternate beds often forms successive layers, 
several hundred yards thick. 

10. It is evident, that if such sections existed in the crust of the 
earth, we could see all the beds, and easily distinguish their re la- 

7, From what period do the tertiary formations date ? What are the 
divisions of the tertiaries ? 

8, From what period do the modem formations date ? What formations 
are embraced in the divisions of the modern formations ? How is humus 
formed ? 

9. What is the arrangement of the several deposits composing the crust 
of the earth? 

10. Why is it difficult to distinguish the relative ages of deposits? 
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tive ages by their number in the order of succession; the deepest 
being the most ancient, and that forming the surface being the most 
modem. It would then be sufficient, in sections of different depths 
which would be found elsewhere, to count from above downwards, 
to know always where we were, and even the variations that a' 
determinate bed might undergo in different places would offer no 
difficulty to observation. But such is not the case ; the numwous 
escarpments we meet, always present us with but a very small 
portion of the series, sometimes in one part of its thickness, and 
sometimes in another ; we never see the entire series ; and it is 
only by combining the observations made in different places, that 
we have been able to establish what we now know, at the same 
time we discovered the particular circumstances of formation of 
each deposit. 

In consequence of the divisions of the whole, it is conceived, it might be- 
come very difficult to distinguish them, and that in presence of an escarp, 
nient one might frequently be unable, at first sight, to decide on the point in 
the series to which it ought to be referred. Indeed, different beds of the 
same nature which succeed each other in the series, are oflen very analogous, 
the limestones of one story more or less resembling those of another ; and 
the same is true of different deposits of sandstone and clay. It also happens 
that the same deposit varies at different points : here it is a compact, and 
there, an earthy limestone; in another place the same limestone is found 
mixed with sands, and, further on, it is nearly pure sand, &.c. The injectioh 
of crystalline matter adds to the embarrassment, by the modifications it 
causes in the texture, and even in the nature of everything in Its vicinity. 
It is also conceived, that the fewer the beds superposed in the same place, 
the greater the difficulties, and they are at a maximum when we meet an 
isolated deposit, without knowing on what it rests, and not being able to 
perceive anything it covers; this occurs in a great many countries. It 
often happens, too, that one or more beds are entirely wanting in one locali- 
ty, and then the ideposits which should naturally separate them, being im- 
mediately superposed, exposes the observer to attribute to the succeeding 
beds an age very different from that which really belongs to them. 

11. To obviate this difficulty, we have observations on the con- 
tinuity of beds, some of which we can follow from points where 
they present certain characters, to others where they offer different 
characters; from points where they are entirely isolated, to others 
where we can see on what they rest, and what covers them, &c. 

We have also observations on stratification and inclination of different 
beds towards one point or the other, which enable us to infer that such a 
species of deposit passes below or above another, found isolated or at a dis^ 
tance. Fragments and rolled flints may evidently indicate the priority of 
deposits which contain them, to those from which they came, and thus fur. 
nish a good means of distinction, when they are sufficiently characterized. 
And the nature of organic remains has now become a very decided aid in 
distinguishing different formations. 

12. Different kinds of stratification. There are two kinds erf 

11. How are we enabled to judge of the relative ages of deposits? 

12. How many kinds of stratification are described ? What is observed 
in inclined stratification ? 
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stratification: one horizontal (which is the natural, stratification), 
according to which all transported matters are deposited under 
water ; the other more or less incUned, resulting from upheavals 
which have taken place at diflferent epochs. In the latter we dis- 
tinguish the degree of inclination, or dip, which may be vertical, 
and the point of the horizon towards which the beds dip. The 
last part of the observation determines the direction of the crests of 
the striata, or, as we say, the strike or direction of the strata, which 
is always at right angles to the dip or direction of the inclination^ 
and which also indicates the direction of the movement by which 
the effect was produced. But the first observation of horizontal, or 
inclined strata, is not always sufficient ; it is frequently necessary 
to distinguish the relative stratification of diflferent deposits, whicn 
is reduced to the concordance or the discordance which may exist 
between them. 

13. The dip of strata is the point of the compass towards which 
they slope, while the angle they form with the plane of the horizon 
is called the angle of dip. The term dip refers to the incHnation 
of a stratum, and the term strike is used to express its direction. 
Thus, strata may dip to the north at an angle of forty-five degrees ; 
in this case, the strike, or line of bearing, must necessarily be east 
and west, because the strike is always at right angles with the dip. 
'*Dip and strike may be aptly illustrated by a row of houses run- 
ning east and west, the long ridge of the roof representing the 
strike of the stratum of slates, which dip on one side to the north, 
^nd on the other to the south." The angle formed by the roof 
with the plane of the horizon would be the angle of dip. 

14. Conformable stratification. When all the strata of a forma- 
tion are parallel to each other, that is, when there is a concordance 
between them, whatever may be their general position, horizontal 
or inclined, convex or concave, they are said to be conformable 
(/g*. 293 to 296). 

-Fi^. 293. JPi^.294. JV^.295. Fig.^U. 








Different kinds of conformable stratification. 



15. Unconformable stratification. When the strata of a forma- 
tion are not parallel to each other, when there is a discordance 
between them, as where horizontal strata come in contact with 

13. What is meant by the dip of strata? What is the angle of dip? 
What is meant by the term strike ? 

14. What is meant by conformable stratification ? 

15. What is meant by unconformable stratification ? Is it always of the 
same character ? 

16* 



186 



UNCONFORMABLE STRATIFICATION. 



inclined beds {fi^, 297), or Tvhere the relative inclination of beds 
is difierent, as at a and 6 [Jig. 298), they are said to be uncon- 
formable. Where a superior deposit, whether stratified or not, 
rests on a section of the beds of an inferior deposit {Jig, 299), there 
is a pecuhar kind of unconformable stratification, sometimes called 
trans gressive stratification. There is another kind of unconform- 
able stratification, where the beds are parallel; this occurs where 
a horizontal deposit, after having been furrowed in difierent ways 
by water, is again entirely covered by a deposit of the same nature 
which fills up all the excavations (^^. 300). In this case the 
strata are unconformable where they jom end to end with beds on 
the slope of ancient valleys. , 

Fig, 297. Fig. 298. * 





Fig. 299. 



Fig. 300. 
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Examples of unconformable stratification, 

16. To ascertain the relations in the stratification of two deposits, 
it is necessary to pay great attention to the particular structure (^ 
the beds, which in certain cases may lead us into error. For ex- 
ample, seeing that the divisions of the bed a, [Jig, 301), dip to- 
wards the left of the figure, we must not conclude that the strati- 
fication is unconformable with the bed b ; this appearance results 
altogether from the structure which the bed a owes to its rapid 
formation under particular circumstances. (See page 138.) 



Fig. 301. 



Fig. 302. 

t c 





Examples of doubtful stratification, 

17. Schistose substances often present many difficulties, in this 
respect, because their divisions run in every direction, and some- 
times the least apparent is the real stratification. For instance, we 
might suppose, the deposit a, {Jig. 302), rested conformably on the 
deposit 6, and that the mass c is an unconformable stratification, from 
regarding the finest divisions of the schist as indicative of the stra- 

16. What is meant by doubtful stratification 7 

17. What is false stratification ? 
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tification. But we might also consider ihe deposit a as unconform- 
able, and the deposit' c as conformable, from regarding the parallel 
joints, t to ^, as those of stratiiication ; and it is also possible to 
view both u and c as unconformable relatively to b, by considering 
the other joints as those of the strata. It may be often difficult to 
decide ; nevertheless, in general, the schistose division b frequently 
a structure which has perhaps a certain crystallization of mica- 
ceous matter ; and it is this character, therefore, among others, that 
we must ordinarily select. Now, the joints of dislocation, for one 
or the other division must have been thus produced, are splita 
united and well marked, oflen a little open, which are ordinanly 
prolong^ed into several consecutive deposits, 
while the joints of stratification are more un- li 
dulated and more adherent. The most irregu- I, 
lar undulations of true strata are often tra- 'It 



versed throughout by the schist 

(Jig.30&}, without alteration. This circum- 1 

stance evidently shows that this structure is ft 

an effect posterior to the contortion of beds, ft 

and may be attributed to a metamorphismtf 

more modern than their derangement. The 

extraordinary divisions just mentioned, are ^'S- ^'^^■ 

sometimes termed false alraltfitation. 

18. Organic remains, which are very numerous in most sedi- 
mentary deposits, also furnish a means of recognising strata. 
There are some which are peculiar to certain deposits, and are 
not found elsewhere, and ivnich are therefore distinguished as 
geognoalic horizons. Thus, the Silurian or Devonian formations 
are clearly recognised by the presence of the remfuns of a cer- 
tain family of crusla'ceans. named trilobites {Jig. 4, p. 28J. The 
Gry'phea arcua'ta {fig. 71, p. 55), is found in the lias, and 
only in it : the ex'ogy'ra vir'gula (Jig. 109, p. 65), belongs to 
the upper part of .the jura'ssic formation ; baculites {fig. 130), and 
turriii'tea {fig- 131, p. 7S), begin and end in the creta'ceous period. 

19. Although the remains of mollusks and small animals arc 
found entire, and therefore easily recognised, those of la^e mam- 
mals, &c., often exist only in fragments ; and, without the neces- 
sary knowledge, the family, genus, or species, could not be dis- 
covered. But those well acquainted with comparative anatomy, 
and the laws which govern in the organization of aniuMls, can 
deduce the form, and even the habits of an animal, often from a 
single bone. 

■* Every orgsoiied being may be considered ae an entire and perfect By»- 

18. How do organic rcioBina usUt ui in dislinguishing the rolntive ago 

19, How a it that a portion of the ftwU remains of on animal enable m 
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tem, of which all the difierent parte mutually correspond, and concur in the 
same definitive action by a reciprocal re-action. No one part can undergo 
a change without a corresponding change taking place in all the others ; and, 
consequently, each part taken separately, indicates and gives the key to a 
knowledge of all the rest. 

*' Thus, if the stomach of an animal is so organized as only to digest fresh 
animal food, its jaws must also be so contrived as to devour such prey ; its 
claws, to seize and tear it ; its teeth, to cut and divide it ; the whole struc 
ture of ite locomotive organs, to pursue and obtain it; its organs of sense, to 
perceive it from afar; and nature must have even placed in ite' brain the 
necessary instinct to enable it to conceal itself, and to brin^ its victim within 
ite tojls.' Such will be the general conditions of a cami'vorous animal ; they 
must inevitebly be brought together in eyetj species intended to be carni'. 
voEous, for ite race could not subsist without them ;, but under these general 
conditions there exist also special ones, relating to the size, the habite, and 
the haunte of the prey, on which tlie animal is to exist ; and from each one 
of these special conditions there result certain modifications, in deteil, of the 
form required by the general conditions ; so that not merely the class, but 
the order, the genus, and even the species, will be. found expressed by, and 
deducible from, the structure of each part 

"In order, for example, that the jaws may be enabled to seize the prey, 
there must be a certein shaped prominence for ite articulation ; a certein 
relation between the position of the resistence and that, of the power, with 
respect to that of the fulcrum ; a certain magnitude of thp muscle that works 
the jaw, requiring corresponding dimensions of the pit in which that muscle 
is received, and of the convexity of the arch of bone beneath which it passes, 
while this arch must also possess a certain amount of stiength, to enable it to 
bear the strain of another muscle. 

** That the animal may be enabled to carry off its prey, a certein degree 
of strength is necessary in the muscles which support the head ; whence 
results a peculiar structure in the vertebroB to which these muscles are at- 
teched, and in the back of the skull where they are inserted. 

" That the teeth may be adapted to tear flesh, they must be sharp ; and 
they must be more or less so, exactly according as they are likely to have 
more or less flesh to tear, while their bases must be strong in proportion to 
the quantity of bone, and the magnitude of the bones they have to break. 
Every one of tiiese circumstances will have its effect on the development of 
all the parte which assist in moving the jaw. 

** That the claws may be able to seize the prey, there must be a certein 
amount of flexibility in the toes, and of strength in the pails ; and this 
requires a peculiar form of the bones, and a corresponding distribution of the 
muscles and tendons ; the fore-arm must possess a certain facility in turning ; 
whence also result certein forms of the bones of which it is made up ; and 
these bpncs of the fore-ariii, articulating to the humerus, cannot undergo 
change without corresponding changes teking place in this latter bone. The 
bones of the shoulder also require to have a certein degree of strength, when 
the anterior extremities are to be used in seizing prey ; in this way again 
other special forms become involved. Tlie proper and free play of all these 
parts requires certein proportions in ail the muscles • concerned in the mo- 
tions of the fore-leg, and the impression of the muscles so proportioned will- 
determine still more definitely the structure of the bones. 

** It is easy to perceive that similar conclusions might be drawn as to the' 
structure of the posterior extremities, which contribute to the rapidity of the 
general movement of the body ; or of the vertebrce, which influence the 
facility of those inovemente ; and also as to the structure ot the bones of the 
face, in their relation to the degree of development of the external senses. In 
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a word, the structure of a tooth involves that of the socket in the shoulder- 
bonc, and of the nails, just as — to use a mathematical, but very apt iilustra- 
tion — the equation to a curve involves all the properties of the curve ; and 
as the curve may be drawn when we know the root of the equation, so in 
comparative anatomy, by making each property separately the base of io^ 
vestigations, one may deduce all the other properties. Thus the shoulder 
bone, the articulation of the jaw, the thigh-bone, or any other bone, taken 
separately, gives the structure of the tooth, or, conversely, from the tooth, 
a knowledge of these peculiarities may be derived ; so that, taking any one 
bone, he who is familiar with the laws of the animal economy, may repro- 
duce the whole animal." — Ansted. 

RELATIVE AGES OF THE PRINCIPAL CATASTROPHES OF THE GLOBE. 

From observations, it would seem that the dry land must have appeared 
in successive portions, to cause on the surface all the variations of nature, 
form, humidity, and dryness, the combination of which should procure for 
man all the happiness designed for him by the Creator. The study of the 
successive appearances of land is now one of the most beautiful points of 
view in which geology can be presented ; we are indebted to M. Elie de 
Beaumont for pointing out the course to follow, to establish the chronological 
order of the principal catastrophes which happened in Europe, and around 
which all facts of the same nature may be grouped. 

As soon as we perceive some part of inclined sedimentary beds, we may 
decide that they have been displaced from their ordinary position by up- 
heaval. The period of this accident remains at first undetermined ; but if^ 
at the base of more or less elevated projections which these beds produce, we 
find other sediments deposited in horizontal strata, 
resting against the preceding {fig* ^^^)t i^ be- 
comes evident that the upheaval of the first took 
place afler the formation of the second, which are 
still found as they were when deposited from «• qa^ 

water. We now have a term of comparison, and, ° * 

if we succeed in recognising the relative age of the horizontal deposit, we 
also have an epoch of the catastrophe, relatively determined, which pro- 
duced the uptilting of the other. These differences of stratification are 
everywliere seen on the sides of mountains, and we then see that the several 
sedimentary deposits, a, 6, c, are not all in the same position. In certain 
places the stratum a, for example, is uptilted, and the stratum b is horizon- 
tal ; in another, a and b are both uptilted, and c is horizontal ; in a third, a, 
6, and c, are uptilted together, and another stratum, d^ rests upon them. We 
nmst infer, from these observations, that a first upheaval took place after the 
formation of a, and before that of 6; a second took place between the strata 
b and c, a third between c and <2, &.C., and so on, chronologically, as far as 
they have been observed. 

Systems of upheaval. If the inclined position of sedimentary strata reveals 
to us the existence of upheavals, the strike or direction of these beds, which 
is nothing but the line produced by their swelling upwards or the crest or 
ridge resulting from their rupture, shows us the course followed by the phe- 
nomenon. Hence it follows we may take one fact for the other, as the basis 
of observation, and that the different directions (strikes) of mountain chains, 
are also indications of the different kinds of upheaval. In fact, it has been 
long and perfectly established, on one hand, that the inclination of strata is 
intimately connected with the direction of chains, excepting the perturba- 
tions which result from crossings ; on the other hand, we now know that 
the phenomenon of uptilting of a determinate number of beds extends as far 
as tlie chain itself. It has also been ascertained, at least for Europe, that 
parallel chains correspond, in general, in the epoch of upheaval ; that is, ia 
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these chains, strata of the same age are found everywhere uptilted, und that 
Uie succeeding ones are horizontal. It follows from this circumstance that 
an upheaval does not take place purely on a mathematical line, but on a 
band of formations more or less wide, on which it is manifested by several 
parallel ridges. The same line does not continue always from one end to 
the other, but we find here and there high and low parts, and those which 
are concealed by subsequent deposits; therefore, it is the common line of 
all the elevutcd ridges which must be taken for the general direction or 
strike — (The word strike is formed from the German stretcAen, to stretch, 
to extend). 

20. The assemblage of directions on the same line, and paral- 
lel directions, form what is called a system of upheavcUf which is 
synonymous with the expressions, system of fractures, system of 
uptilted bids, and even system of mountains, although in a more 
restricted sense than in geography. To designate the different 
systems, the names of places in which each system is particularly- 
developed have been borrowed ; we say, system of the Pyrenees^ 
system of tlie Western Alps, &c. 

The great catastrophes which have successively opcurred on the surface 
of the globe appear to have always taken place suddenly. At greater or less 
distances from places where the stratification is unconformable, we often find 
the same deposits in conformable stratification, and even joined to each 
other by a gradual passage ; hence, it follows that deposition has not been 
suspended, but the movement of the soil has been local over a more or less 
considerable space of the terrestrial surface, and the interval during which 
it took place must have been extremely short. This is clearly seen, for 
example, at the period of the system of the Rhine, in which the vosgean 
sandstone is found upheaved, without the hunter sandstein having partici* 
pated in the action ; and, nevertheless, at a short distance the two arena'- 
ceous deposits, where their stratification is conformable, are so joined to 
each other, that it cannot be determined where one begins or the other ends. 
The same is the case with the creta'ceous formations; if their dififeront 
deposits are dislocated in a certain direction, they are conformable for great 
extents, and they then pass from one to the other in such a manner that 
they were for a long time ccmfbunded as a single formation. 

Submerged and uncovered fonnalions. — Sedimentary beds found resting 
horizontally on the sides of mountains, show that the sea beat against 
escarpments by deposits upheaved in an anterior epoch; hence the expres- 
sion of the sea of this or that formation, as the creta'ceous sea^ the jura'asic 
sea, &c., which indicate the vraters beneath which each of these sedi- 
mentary deposits was formed. When a deposit is wanting in a certain 
extent of formation, we shonld infer the formation was then above the sea 
of the epoch, and formed tliere a more or less elevated island or continent ; 
thus, at the time when the Parisian limestone was formed, a great part of 
France, and indeed of Europe, must have been dry, as we scarcely see 
traces of these deposits anywhere except in the neighbourhood of Paris or 
Bordeaux. But it also happens that the deposits which we must regard 
as having been dry at a certain time, were afterwards covered by marine 
sediment, more modern than the preceding ; and hence we must conclude 
that, although uncovered prior to the anterior formation, they must have 
afterwards sunk to receive new deposits: such sinkings make certain catas- 
trophes particularly remarkable. 

20. What is meant by ** system of upheaval " ? What is meant by cre- 
ta'oeous sea 7 How are the several systems of upheaval classed ? 
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The several systems. of upheaval have been classed according to their 
direction, and the epochs in which they occurred. The following table 
exhibits the supposed epochs of the European upheavals. 

l«t, Upheaval, or system of Hundsruck, between the Cambrian and Silurian formations. 

Sd, " or system of Balfuns, between the Silurian and coal fbrmations. 

3d,- *' or system of the North of England, between the coal and penine formations. 

4th, " or system of Hainault, between the peiiine and vosgean formations. 

6th, ". or system of the Rhine, between the vosgean and trias formations. 

6th, " or system of Thuringerwald, between the trias and jura'ssic formations. 

7th, " or system of C6ted'Or, between the jura'ssic and greensand formations. 

8th, " or system of Mont-Viso, btttween the two creta'ceous formations. 

9th, '* or system of the Pyrenees, between thn upper chalic and Parisian limestone " 
10th, •• or system of Corsica, between the Parisian limestone and molasse formations. 
11th, *' or system of the Western Alps, bet. the molasse and subapennine formations. 
12th, " or system of the principal Alps, bet. the subapennine and diluvium. 
13th, " or system of Tenare, between the diluvium and perhaps some modern alluvions. 

Since in Europe the different great chains of the same direction, which 
are found on the same Hne or on parallel lines, belong to the same epoch of 
upheaval, there is room to suppose, as nothing indicates limits to the phe- 
nomena which gave rise to them, that the same effects were continaed far 
beyond the countries whose geological structure is known ; hence it follows, 
that wherever we find parallelism in the chains, we should be led to believe 
also that the formations were contemporaneous. It is at least interesting to 
examine, imder this point of view, the principal chains we are acquainted 
with. 

The direction of the Pyrenees extends from the AUeghanies, in North 
America, to the peninsula of India, through the CarpathiTin mountains, a 
part of Caucasus, the mountains of Persia, from Erivan to the Persian Gul^ 
and through the Ghauts, which determine the position of the coast of Mala- 
bar. To the south of this line of direction several parallel ridges are also 
represented : those which go from Cape Ortegal, in Asturias, to Cape Creux, 
in Catalonia ; the small chain of Granada, which ends in Cape de Gatte ; 
the mountains which bound the desert of Sahara on the north, cutting the 
direction of Atlas ; finally, the Apennines, the Julian Alps, the mountains 
of Croatia, of Romelia, and those of the Morea. 

The system of Ballons, so near to that of the Pyrenees*, appears to be 
represented also in the AUeghanies : it is to be observed on the coast of 
Brittany, and will no doubt be found in several of the groups just mentioned, 
when careful study enables us^ to distinguish it from the neighbouring 
system. 

The direction of the Western Alps is remarked from the empire of Mo- 
rocco to Nova Zembla, passing through the eastern coast of Spain, the south 
of France, and a great part of the peninsula of Scandinavia. It is recognised 
in the Cordillera of Brazil, from Cape St, Roque to Montevideo. Parallel to 
this direction the same system is seen in the kingdom of Tunis, in Sicily, 
the point of Italy, and in Asia Minor. All the shore of the ancient conti- 
nent, from North Cape, in Lapland, to Cape Blanco, in Africa, is parallel to 
the direction of this system. 

The principal Alps form part of a system of direction of great extent. 
From the chains of Spain and those of Atlas, in the northern part of Africa, 
we find parallel chains which extend to theChina sea. On this line of direction 
we find, starting from Sicily and Italy, the chains of Olympus, in Greece, 
the Balkan, Taurus, the central chain of Caucasus, crowned by Elbrouz, 
between the Black a,nd Caspian seas, the long series of mountains which 
extend through Persia and Cabool, comprehending Paropamisus, Hindou- 
koh, &c. I finally, Himalaya, the highest mountain in the world. 

STATE OF EUROPE AT DIFFERENT EPOCHS OF FORMATION. 

From what has been stated, we are led to infer that the surface 
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of the globe, so often disturbed, most have presented great rana- 
tions in the relative extent of land and sea, and successively passed 
through many different shapes, to reach its present state. But, 
even in Europe, the only part of the world in relation to which 
positive information has been obtained, it is very difficult to say 
what may have been its condition in the most ancient epochs. 
The reason of this is, that having for a long time confounded, under 
the name of transition formation, deposits of very different epochs, 
we are not now able to distinguish, with sufficient clearness 
throughout, the limits of different formations comprised in it. Nor 
do we know, and this is a great obstacle to tracing the continents 
of the ancient world, what parts were successively sunk at each 
catastrophe, and the extent of which we can only know from induc- 
tion. It was not until after the appearance of the jura'ssic forma- 
tion, the limits of which are clearly marked, that we are able to 
distinguish, with precision, the shape and extent of lands in the 
midst of seas in which these deposits were formed. 

By the term epoch of this or that formation^ we understand the 
period of time auring which the formation was produced beneath 
the sea, around the upheaved deposits of the preceding epoch. 
F(Mr example, the jvrdssic epoch indicates the time during which 
the deposits of the Jura were formed in the seas where the 
upheaved deposits of the trias and all that preceded were traced. 
The term, sea of such ari epoch, as jura'ssic sea^ creta'ceous sea^ 
^bc., is often used in the same sense. 

Silurian and Devonian epoch. At the time when the Silurian 
and Devonian systems were formed in the midst of seas, it is evi- 
dent there were diflJ?rent portions of land in Europe uncovered, 
which resulted as much from the upheaval of the Hundsruck as 
from previous catastrophes : we have seen those of considerable 
extent which entirely escaped these deposits, and which, in conse- 
quence, must have been raised above the waters in which they were 
formed. In France, there was at least (me island, of the Cambrian 
formation, near the gulf of St. Malo, on a part of Brittany and of Nor- 
mandy; the great granitic plateau, which comprises Limousin, Au- 
vergne, &c., where the upheaval of the Hundsruck was manifest by 
the direction of certain uptilted beds of gneiss, and by the anfractuosi- 
ties in which the coal formation was subsequently deposited, must 
have been, at that time, above water, and, perhaps joined, at the 
south, to the ancient group which preceded the Pyrenees. The 
mountains of Maures also existed, and, perliaps, a part of the 
formations comprised between Toulon and Inspruck, in a south- 
west and north-east direction. Some parts of the 'centre of Vosges, 
and of the Black Forest, Eiffel, the Hundsruck, where the first 
upheaval is clearly indicated, and Ardennes, were necessarily 
above water, as well as the county of Nassau, the Hartz, all the 
centre of Germany, including Saxony, Bohemia, and Moravia. 
The same is tnie of Scandinavia^ and a part of the British islands. 
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From this moment lands vrere covered with vegetation, in arho- 
resoent ferns, equisita'cesB, &c., sufficiently abundant to form the 
masses of anthracite found in die Devonian formaticfn. The seas 
were then inhabited by trilobites, orthoce'ratites, orthis, productus, 
different kinds of terebra'tula and several species of polypa'ria, 
of the same genus as those found in madreporic reefs, which, as 
well as the tree-ferns, indicate a climate analogous to that of the 
present tropics. All these circumstances show that heat -wns not, 
m that epoch, distributed over the surface of the globe as it now is. 
Without doubt, the increase of temperature, from the surface to the 
interior, was more rapid ; all springs were warm ; and, according 
to M. Elie de Beaumont, the fogs, which were the result, hinder- 
ing radiation, in the absence of the sun, everjrwhere tempered the 
rigour of winter, arid thereby augmented the mean temperature 
of the seasons. 

Coal epoch. The upheaval of the Ballons, in bringing " to day" 
the Silurian and Devonian deposits, no doubt, increased the extent 
of lands, and more or less changed their configuration. Vegeta- 
ti(Hi must have been prodigiously developed, at that time, and over 
vast surfaces ; which is proved by the enormous mass of coal 
formed, and the manner in which the deposits are piled up. On 
one hand, the carboniferous h'mestone, and the different marine 
beds found in the midst of the sandstone of the coal formation itself, 
seem to indicate at first a deep sea, and perhaps afterwards an 
immense maritime marsh, which extended from Ardennes and the 
Hartz to the ancient mountains of the British islands. On the 
other hand, the numerous coal basins known to exist in the surface 
of France and central Germany, clearly show there were extensive 
lands on which marshes were found, here and there, in which were 
formed, just as peat-bogs are in our times, all the coal deposits 
we have discovered. 

The ancient and uncovered formations, which constitute Brittany 
and the central plateau of France, clearly indicate high land, on 
which are found the lakes of Bayeux, Cluimper, Laval, and Vouvant^ 
placed perhaps in the anfractuosities caused by upheaval of the 
ballons ; then those of Burgundy, Limousin, Auvergne, Forez, &c., 
situated on a direction parallel to the elevation of the Hundsruck. 
This land, the limits of which cannot be fixed, extended at least to 
a peninsula towards Strasburg. 

. To the east of this land, and perhaps united to it, there is another, 
which was evidently uncovered, because there is nothing of the 
penine formation deposited on it. The latter probably extended 
over the space now occupied by Inspruck, Milan, Brian^on, 
Grenes, Nice, Toulon, and to the is land of Corsica. Towards Toulon 
are the marshes in which was formed the coal now found in that 
part of France. 

Lands also evidently existed over the space occupied by Bohe- 
17 
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mia and Saxony, with several coal lakes on their surface ; the coal 
deposits of Moravia and Galicia seem to show their extension 
towards those countries. There was one island, at least, betweea 
Cologne and Francfort, presenting in its southern part the great 
coal nasin of the country of Treves, and uniting, at the north, with 
the ancient formation of the Hartz. Dry land also existed in the 
peninsula of Scandinavia, where nothing has been deposited since 
the Silurian formations ; but it seems to have been sterile, and 
without swamps, for it affords no trace of coal. 

We are entirely ignorant of what existed w^here the great cities 
now stand ; but the absence of carboniferous Umestone, out of Bel- 
gium and England, may lead us to think that a great portion of 
western Europe was then uncovered, and perhaps presented coal 
lakes which subsequent catastrophes have sunk beneath the seas. 

A part of the land just mentioned has always remained unco- 
vered to the present time, or has been even upheaved more and 
more by various subsequent catastrophes, as Brittany and the cen- 
tral plateau of France. At certain points, in fact, coal deposits 
have been pushed upwards to a great height, as the plateau of 
Santa Fe de Bogota, and in the Cordillera of Huairochiri, where 
some are found from 3700 to 4600 yards above the sea. In other 
places, on the contrary, it is evident the formations have sunk, to 
be covered by more modem deposits, through which the coal is 
sought in the depth, as at Anzin, under the chalk, in Vosges, under 
the red sandstone, in Cevennes, under the jura'ssic limestone, &/C., 
and, in general, on the borders of new formations exposed by sub- 
sequent catastrophes. Without doubt, there is some deeply-buried, 
and for ever lost to us, either under different sediments, or under 
water, as at Whitehaven, in England, where the mine extends 
more than a quarter of a league from the shore, and a hundred 
yards beneath the bottom of the sea. 

The vegetation of this epoch, favoured, no doubt, by the insular 
form of the land, as it now is in all islands, consisted of lycopodia-* 
cesB, equisita'ceae, ferns, &c., of arborescent species, the analogues 
of which are no longer found except within the tropics, with co'nit 
fers resembling the araucaria. The mass of coal was formed of 
their debris, with cellular cryptoga'mia, which then grew under 
water, as now, in peat-marshes, and under a still more favourable 
temperature for their development. 

The seas of this epoch had lost their trilobites ; but contained, 
in great abundance, spi'rifers, productus, orthoceras of particular 
species, different ce'phalopods, analogous to the nautilus and argo- 
naut, and various other shells. The encri'nites were so extensively 
multiplied that their debris constitute, almost of themselves, certain 
varieties of Flemish and Belgian marble. Sauroid fishes, of great 
size, and of especially vigorous organization, then existed ; and 
the family of sharks, still feeble, presented cestra'cions and hybo- 
dons {figs, 52, 53, p. 45). 
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The fresh waters which fed the coal marshes contained, as it 
appears, few conchi'ferous moUusks ; the debris, which are rarely- 
found, resemble anodonta and unio'. Fishes were numerous, in 
some localities ; they belonged to the genera palioni'scus {fig* 66, 
p, 48), and ambly'pterus, living, without doubt, in the rivulets 
which meandered at the bottom of abrupt fractures of the ancient 
formation. 

Fenine epoch, — ^The disturbance caused by the upheaval of 
the north of England, appears to have exerted more influence on 
the surface, of the then uncovered lands, than on their extent and 
form. Only the bottom of the sea, where the coal-beds of Eng- 
land and Belgium were formed, was elevated in part to escape, 
like all France, to the penine formation. On the other hand, 
a small corner of the south-west of Vosges must have sunk 
under water, to receive the red sandstones which there cover 
the coal formation. Further, in Mansfield the presence of the 
penine formation, which is there developed on a great scale with 
its shell-limestones, demonstrate the submersion of the country 
beneath sea-waler. . It was also beneath the sea, in the county of 
York, that magneaian limestone was deposited, which there repre- 
sents the whole formation of this epoch. 

Very little is known of the terrestrial flora of that time, for we 
find little, save the algae in the bitu'minous schists of Mansfield, 
and some sili'cified trunks of co'nifers in the sandstone. Deposits 
of coal suddenly ceased to form, and it seems from that time there 
were neither ponds nor rivulets on the lands ; nevertheless, there 
were still divers fishes of the genus palioni'scus, which lived per- 
haps as well in salt as in fresh water. The land was for the first 
time inhabited by saurian reptiles resembling the iguana and moni- 
tor, the remains of which are found in the cuprous schists. The 
seas beneath which all these deposits were formed, contained the 
same genera, often the same species of moUusks and radiata as 
those m which the carboniferous deposits were formed. 

Fosgean epoch. — ^The system of Hainault, in dislocating the 
coal formation and ridging the surface of the land, had little in- 
fluence on its form. In the Vosges some of the points where the 
red sandstone was deposited were elevated, around Saint-Die, 
Schelestadt, Montbelliard, and escaped the succeeding formations ; 
while all the rest of the chain, which had escaped the deposits of 
the red sandstone, and consequently found elevated at this epoch, 
must have been sunk now to receive the vosgean sandstone : the 
same has taken place in the Bkck Forest. 

Such was the state of things in this modification, that animals 
could not have lived on this part of the earth, and that plants, if 
any then existed on the surrounding soil, could not have been car- 
ried under the waters except in very small numbers. 

The trias epoch, — After the system of the Rhine, subsequent to 
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which the vosgean sandstone was upheELved, Vpsges and the Sack 
Forest underwent a little change in shape ; bul other landa in 
Europe have undergone scarcely any modification. We oteerve 
only a seconduiy elevation of the crntral plateau of France by ihn 
porphyroid granites of Lozere, by the bills which edge the coal 
formation from Fins lo Mauriac. SubsidenceE occurred, on the 
other hand, in Bourbonnais and Rouergue, as well as in lands be- 
tween Toulon and Nice. Vegetation then underwent great modifi- 
cations ; the ferns and equisiia'ceie of great height had considera- 
bly diminished, and cuniTeis, on the contrary, became more 
numerous : plants analogous to za'mia, and perhaps (o cy'cas 
Lfig*- 305, SKK}); then formed an important part of the flora of 
Europe, being a prelude to the immense developnient ibey look ia 
the succeeding epoch. 



Fig. 305.— Za'mia jmagtiu. Fig. 30fi.— Cy'MS rmnlats. 

In this epoch new saurians appeared, and traces of birds, which 
had not appeared in preceding epochs, are recognised. It was at this 
period also that those creatures existed, whatever they were, whose 
tracks are found imprinted on hunter sandstein, freshly lifted above 
water, Mr. Owen, who considers them enormous balrachians, 
supposes them to have been of the form represented (Ji^. 307). 

The jurdssie epoch. — At the time of the elevation of Thurin- 
gerwatd the tna'ssic formation, which had just been deposited 
beneath the sea. was upheaved at different points; some patches 
of hunter sandstein were added around the central plateau of 
France, between Moulins and LaChfttre, between Brivea and 
Tulle, in the environs of Rodez, of Sain t-Affri que and of Lodeye. 
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Fig, 307. — Labyrinthodon pachygnatus, (Owen.) 

The island of Var was increased from these sandstones and con- 
chyiian limestone ; the Vosges and Black Forest were also con- 
siderably augmented, the one to the west, in Lorraine, the other to 
the east, extending into Glermany, and imiting various islands 
which had been separate till then. The same was the case with 
different islets which already marked the place of the British 
islands, and were then united to a continuous land by tria'ssic depo- 
sits upheaved between them, and with them. But at the same 
time that the new lands were raised above water, there were ^at 
subsidences in those which previously existed. The land wnich 
extended from Cherbourg to Perpignan, was then divided towards 
Poictiers, forming a strait, now occupied by the jura'ssic deposits ; 
it was variously divided on its borders, and almost cut again towards 
Rodcz. That which extended from Nice towards Inspruck was 
entirely sunk, to receive the new deposit which covers it. If per- 
chance there existed, at the period of the coal, some portions of 
land where Paris, London, ^., now are, everything leads to the 
belief that they then disappeared, for the jura'ssic formation 
appears to be prolonged everywhere beneath the soil which serves 
them as a base. 

All the data on the state of western Europe, at the period of 
which we speak, are furnished by the presence and disposition of 
the jura'ssic deposits. Developed on a vast scale, and upheaved 
later from the bosom of the waters, they clearly show what was 
then the configuration of the lands around which they were formed 
under the sea.^ 

The ocean of the jura'ssic epoch also had its peculiar characters. 
It was inhabited by saurians, eminently swimmers, the ich'thyo- 
sau'rus and plei'siosau'rus, whose paws, in form of paddles, remind 
us of those of the chelonians of the present day ; these voracious 
animals, all aquatic, took the place of the sauroia fishes of the car- 
boni'ferous group, which had now disappeared. At the same 
period live^ those flying saurians, called pteroda'ctyls, which 
peopled the air and completed the series of singular creatures of an 
ancient creation, now entirely annihilated, the exterior forms of 
which Dr. Buckland has attempted to paint from the skeleton {Jig* 
3Uoj. 

These seas had lost the productus, and spirifeis had almost dis* 
17* 
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Fig. 30S.—Restt)JOtioit eftht lauriaas of Ike jura'stic epoch. 

arateared. The numerous terebra'tulce, which lived in this epoch, 
befooged lo specif^ entirely diScrent from ihc^ seen in the pie- 
tiding seas ; bui there was found a great number of mofiuska with 
chambered shells, in ffenersl called anunonites. the race of wluch, 
/IB y<'i little developed, had begun to appear in the seas of the trias ; 
there existed bele'mnites, the remains cjf which, until then unknown, 
are numerous from the lias to the chalk ; and the gry'phen arcua'ta 
multiplied there for a moment, to disappear afterwards, when the 
Has was formed, and to give place to other species of the same 

As at present, coral reefs were formed in those seas, remains of 
which are found, showing a mean temperature, analogous to that 
of our intertropic seas. 

On the land, fresh-water bikes without doubt supported palu'di- 
n», and fresh-waier streams carried he'ljces, remains of which are 
now found in the Portland group. 

There must have existed also, on land, several species of insects, 
which served to feed the pteroda'ctyls, the remains of which seem 
to show they were coleopteia and neuroptera, resembling the bu* 
prestes and libe'Iluls. Small marsupial mammals, analogoua to 
opossums, were met there, a skeleton of which was found in tha 
beds of Stonesfield. But these creatures seem to have bem in 
small numbers, if we judge fr«n the few remains that have been 
as yet found, and no one of the great animals which characteruft 
the Parisian epoch has been found with them. 
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The ilGffa was Qot the aame as that which furnished so many 
lemains to the coal formation ; the lycopodia^'cese, and the gigantic 
ferns had disappeared ; and it seems that many new species had 
been created after the penine and tria'ssic epochs. Then the 
cyca'desB and co'nifers considerably exceeded all other families ; 
and probably some palms were already in existence, the fruits of 
which are found in the lias. Also the cafbona'ceous combustible, 
formed in this epoch, is very different from that of the great coal 
formation. They were at the same time much less abundant, 
which indicates a great difference in the extent of lands. 

Creta'ceous epoch. After the system of upheaval of Cote-d'Or, 
which elevated a part of the jura'ssic deposits above the sea, the 
form and disposition of continents were considerably changed. 
The inferior limits of the chalk mark the shape of lands which 
then existed, and determine the extent of the seas of the epoch. 

The three islands of the preceding epoch were now united, but 
without any change of shape. Brussels, which was inland, was 
now found on the coast ; Arras, Dunkirk, Maestricht, Wesel, Bres- 
law, and Vienna, were sunk under water* A lake was formed 
between Dresden, Brunna, and Prague ; a strait was found in the 
place of Perpignan and Carcasonne ; and, what existed previously 
to the Pyrenees, was in part submerged. 

By compensation, the Vosges, washed by the sea in preceding 
ages, was then found in the middle of the continent which joined 
the central island of France. The space of sea which separated 
them was filled up. Langres, Nevers, Lyons, Toulouse, and Ox- 
ford, were on terra firma, and an isthmus was formed about Poic- 
tiers, to join the great island that existed to the west. A shore 
extended from the environs of Craco'via, to about Perpignan, by 
Ratisbonne, the position of which was not changed, and to Zurich 
and Lyons. An immense gulf was formed between Brussels and 
Oxford, extending to Poictiers. 

Between Salzbourg and Avignon, a new island was formed, 
which marked the future ate of the Alps : Brian^on, Turing Trente, 
and Inspruck, might have been already placed there ; but Switzer- 
land was then a channel which separated this island from terra 
firma. The island of Toulon was at the tune Umited, and some 
small islands marked the environs oi Marseilles. 

Little change, however, had taken place in Hving creatures. At 
the same time divers species of ferns and cyca'dese vegetated on 
the soil ; co'nifers, especially, became more and more abundant, and 
gave origin to masses of ugnite found at the base of the chalky 
formations ; but there were few terrestrial mammals, for no remains 
of them are found in the chalk, although they were met with in 
jura'ssic deposits. There existed, however, divers ceta'ceae, such 
>s I^mantins and dolphins, some of which had already appeared in 
the jura'ssic seas. Beptiles were, among the animals capable of 
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living on the earth, still the most elevated creatures of the creation. 
Aquatic and terrestrial species were very numerous ; among them 
were the iguanodon, the megalosau'rus, and divers crocodiles. 
Fluviatile tortoises, fishes, and mollusks of fresh water, lived on the 
horders of lakes, or in their waters. The seas fed ba'cuHtes and 
turriJites, of whose anterior existence there is no trace, and which, 
towards the end of the epoch, disappeared at the same time with 
ail mollusks having peculiar chambered shells. Here and there 
true sharks existed, and have been continued to the present time, 
although their dimensions are considerably diminished. 

Parisian epoch. The upheaval of Mount Viso, and later, that 
which gave birth to the Pyrenees, to the Apennines, and all the 
parallel chains we have cited, prodigiously changed the geographi- 
cal constitution previously established. The last, especially, pro* 
duced one of the greatest convulsions Europe has experienced : 
everything was shaken by it, and the greatest part oi what was 
then under water, was elevated above it, to form an immense con- 
tinent. This proves the Ktde extension of the parisian sediments 
then formed, and which are found concentrated, one part in Bel- 
gium, Artois, Picardy, Isle of France, Normandy, and the opposite 
coasts of England ; and the other, in the environs of Bordeaux : 
very few traces are found elsewhere. Hence it follows, that the 
seas of this formation did not penetrate far into this continent, 
although they covered the two capitals of the world ; of the vast 
ocean of preceding ages there only remained a part of the gulf 
already limited, about t]^ambridge, Oxford, Exeter, Cherbourg, 
Angers and Poictiers, which was then narrowed in many places, 
and widened elsewhere at the expense of the ancient peninsula of 
Brussels ; it probably .commimicated with some remains of the 
North Sea. In the middle were two islands of chalk, the Wealds, 
of England, and the country of Bray, in France. Another portion 
of the gulf also remained between Bordeaux and Dax. 

The fauna of the land, at the parisian epoch, was very difilerent 
from what it had been in preceding epochs. The gigantic sau- 
rians had disappeared, but there remained great fresh-water cro- 
codiles, marine and lacu'strine chelonians, and the earth was 
inhabited by mammals. The last were then pach'yderms, analogous 
to tapirs, as the anoplothe'rium and paleothe'num, which must 
have been nearly of the form represented {Jig* 309) ; they lived 
at the same time with some carni'vora of the genus dog, &c. feelem- 
nites, and all similarly chambered shells, had disappeared from 
the seas ; the nautilus only remained, and it Hved with the cere'- 
thium giga'nteum {Jig* 148, p. 80J, and a multitude of species of 
moUusk, more or less resembling those of existing seas. 

At this kge of our planet, the flora of Europe was still modified ; 
the cyca'deas had disappeared, and the co'nifers, presenting still 
new species, to which were joined the dicoty'lecbns, were found. 
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Fig. 309.— Fauna 0/ (i< rpoeh of the paiitian fariaatiim. 
a Fsleothe'riani mifrnuni. t Auoplothe'rimo ctunmaDe. 

h Faleothe'rium minaa. d Crocodile. 

wiih palms, lo the centre of EuTope. The last, which are notooiT 
fouDd closer than Africa, at the nearest point, evidently indicates a 
mean temperature, higher thau that we nowenjoy, which must have 
been about 72", the present mean tenipemture of lower Egypt. 
This circumstance may be attributed to the fact that the increase 
of internal heat was greater than at present, and that the fogs, by 
diminishing radiation, rendered the winters less rigorous. 

Water-courses necessarily must have existed on the continent, 
and may account for deposits of lignite, and the remains of fresh- 
water mollusks, being found in place in the midst of marine depo- 
sits. We are especially led to suppose that one of these water- 
courses, emptying about I^aon and carrying lacu'strine deposits 
from Soissonais, and another, somewhere bet«een Ejeter and 
Oxford, formed the deposits of the Isle of Wight, at the south- 
west of the Wealds. Around Paris, some parts of the sea must 
liave been separated from the rest, el a certain lime, and 
converted into a fresh-water lake in which the gypsum was 
formed. 

Epoch cf the molasse. — It was dler the system of Corsica that 
the raolasse was formed, and, in such a manner, that it is 
generally deposited where the Parisian limestone is entirely 
wanting. It follows that lands which were then elevated above 
the waters must have necessarily sunk, ollen to great depths, to 
receive this new formation, which is sometimes extremely thick; 
consequently, great modifications of the continent of the preceding 
epoch a^D look place. Partial subsidences must have ttccurred 
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in many parts of Touraine, of Ghiienne, of Grascony, Languedoc, 
Provence, Dauphiny, and also in all' Switzerland, &c. ; lakes 
were formed, often extensive, sometimes isolated, and sometimes 
communicating with the sea ; and it is this which indicates the 
contemporaneous deposits, some of which are fluviatile, and others 
marine. In opposition, more or less considerable upheavals took 
place at the same time in many parts of the northern gulf, in Bel- 
gium, in Picardy, in the isle of France, and all the coast of Eng- 
land. The marine limestone, laid bare, escaped in all this extent 
the succeeding deposits, and the sites of London and Paris were 
brought to hght, although surrounded by water in which the md- 
lasse WBS deposited ; it was the same in the gulf of Bordeaux, 
where all the northern part of the Parisian formation was up 
heaved, and escaped the deposit of the molasse, which is found m 
all the rest of the present basin which was from that time sub- 
merged. 

This epoch was accompanied by a new change in the creatures 
which lived on the surface of the soil ; and from that moment, 
besides some new species of paleothe'rium, mastodons, and the 
dinothe'rium giga'nteum, appeared in Europe (the last nearly of 
the form represented, fig, 310), as well as the rhinoceros, hippo- 
po'tamus, monkeys, and many rodents, as castors, squirrels, &c. 
The flora was principally composed of coni'fers, with dicoty'ledons, 
which, however, had not attained, in all probability, the develop- 
ment they acquired in the succeeding epoch. There still existed 
palms, the remains of which are found in deposits of Ugnite, and 
particularly in those of Liblar, near Cologne, as well as in the 
plaster-works of Aix. 




Fig. 310. — Restoration of the Dinothe'rium giga'nteum. 

Subapennine epoch, — ^The upheaval of the western Alps caused 
a new disturbance. Not only the soil comprised between Con- 
stance and Marseilles, rendered mountainous by preceding events, 
suddenly assumed a considerable height, and a great part of the 
relief it now presents, but still the movement extended over all 
Europe. The greatest part of the Anglo-French gulf was fillecj 
by an elevation, which brought " to day" all that is referred to the 
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xnolasse. It was the same in Guienne, in Languedoc, in Provence, 
in Piedmont and Switzerland ; and the form of the seas was once 
again changed. But, in time, great lakes were formed in the inte- 
rior of the lands : one, from Dijon to near the Isere ; another, in the 
southern part of Alsace ; and a third, in Provence, from Sisteron 
to the borders of the Durance. 

At that time all the cami'vora appeared of the genera ursus, 
hyena, felis, canis, 4^c., which inhabited caverns ; their remains 
are not found in the Parisian formation ; their species disappeared, 
not only from the European continent, but from the face of the 
globe, in the next epoch. There also appeared several new 
rodents, horses, ruminants, and probably the gigantic edentate ani- 
mal, with slow and heavy gait, the megathe'rium (Jig, 178, p. 92), 
whose head and whole aspect were similar to the sloths, althougn 
Its size was that of the largest rhinoceros, and its body must have 
been covered by a bony cuirass like the armadillo. 

Epoch of diluvium. At this time Europe took its present form, 
and Its relief was definitely fixed. The upheaval of the principal 
Alps, in forming all the chains which extend to Austria, in elevating 
hkewise some portions of the western Alps, also raised up the soil 
in a great part of Europe, and especially caused the division of the 
waters between the ocean and the Mediterranean. The eflfects pro- 
duced show that enormous currents of water were established in all 
directions, which furrowed all the deposits then uncovered \ but the 
volume of waters furnished by lakes, previously formed in the interior 
of lands, whose barriers were no doubt broken in the new catastrophe 
of upheaval, was in relation to the vastness of the result produced ; 
it must have been prodigiously increased by some circumstances, 
attributable, perhaps, to the sudden melting of the snows, and gla- 
ciers then accumulated on the western Alps. Th^ currents which 
were formed, in furrowing the surface of knds, carried their debris 
in all directions ; hence tne alluvions of the valley of the Rhone, 
of Crau, of the plains of Lombardy, those of Bavaria, the valley 
of the Rhine, &c. ; hence the last configuration of the valleys, the 
denudations, and the dislocations, seen in so many different places. 
It is from the upheaval of this part of the Alps, tnat the separation 
of France and England appears to date, as well as that of Ireland, 
by ruptures effected between Brest and Cape Lizard, between 
Cfaemarvon and Dublin. It was then that the Mediterranean took 
its present limits, in consequence of the subsidence of formations 
which extended to the south d" Marseilles, at the epoch of the 
Parisian sea. The gulf of Bothnia was perhaps produced in this 
epoch, since the shell deposits found on some points of the coast 
are all referred to the sub-Apennine formations. 

But change of configuration in the soil was not the only conse- 
quence of the appearance of the principal Alps ; this catastrophe, 
extending over a great part of the world, from the height of Spain 
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to the centre of Asia, was vuoked by the sndden coding of Euro- 
pean countries to their present temperature. From that time 
palms ceased to grow in Europe, and dicotyle'donous plants were 
prodigiously increased. The rhinoceros, elephants, and panthers, 
which had just appeared in that part of the world, became entirely 
extintt there ; and, if the cavern bear is represented in our present 
bear, its size is considerably- diminished. The fauna of that part 
of the world was again completely changed, and replaced by that 
we now see. Besides, it was at this moment, probably, that man 
appeared on the earth : in fact, on one hand, there are no human 
remains in what has been too lightly named diluVium, for the 
skeletons of Guadaloupe are of the modem epoch, and cannot be 
reckoned ; and, on the other, the animals which then began are 
precisely those with which man has always lived, since historic 
time. 

Modem epoch. From the epoch of theprincipal Alps, no general 
geologfical disturbance has taken place in Europe ; and some volcanic 
eruptions and upheavals, produced by earthquakes, are the only 
efiects that have been manifest. Such, also, appears to have been 
the action of the ISth upheaval, which was revealed in the Morea, 
in Naples, Sicily, and in some parts of Provence, and which, per- 
haps, also determined the eruption of the modern volcanoes of 
Auvergne and Vivarais, through ancient fissures, the beautiful 
preservation of which attests their posteriority to the great denuda- 
tions which followed the event of the principal Alps. 

But if scarcely anything occurred in Europe after this great 
event, perhaps it was not the same in other parts of the world. 
We may suspect that a great part of the inmiense mountain range 
which extends through America, and tmverees Asia froift Kamt- 
schatka.to the Birman empire, is the result of a more recent catas- 
trophe ; this direction, at least, offers the most extended, the most 
decided, and, so to speak, the least effaced feature of the exterior 
configuration of the earth. It is there we see the greatest number 
of active volcanoes, and consequently the most extensive and best 
preserved communication between the interior and exterior of the 
globe, and perhaps, also, the greatest mass of volcanic products 
known. 

Deluge. The successive appearance of great mountain chains 
has produced great disturbances in different parts of the globe. 
But it is evident that these catastrophes, at least those of great 
energy, and those which extended over large spaces, as the up- 
heavals of the Alps, Pyrenees, &c., must have manifested their 
action over all the rest of the earth in secondary phenomena 
of more or less importance. If a simple earthquake is enough to 
produce a violent agitation of the sea, a sudden irruption of waters 
on continents, these terrible revolutions could not have failed to 
cause more or less impetuous movements in the ocean, and temt- 
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nry derangement of level of more or less extent. Hence, without 
>t, the extraordinary inundations, which, at each catastrophe, 
have ravaged the surface of existing lands, and produced, as in our 
day, various denudations, or superficial alluvions, of more or less 
extent. 

Now, since, without counting all that escaped the investigations 
of science, we clearly see, in Europe, a series of successive move- 
ments of the soil, which have modified the whole continent, and 
many even a whole hemisphere, there is nothing ahsurd in admit- 
ting that what took place at so many different times, from the most 
ancient to the most modern epochs oi fcffmation, may have happened 
once, somewhere after the appearance of man on the earth. Con- 
sequently there is nothing contrary to reason in the belief of a 
ereat irruption of water over the kufids, a general inundation, a 
deluge, in fact, which we find described not only in the Bible, but 
deeply impressed in th^ traditions of all people, and at an almost 
uniform date. Thus, in recognising in the recital of Moses, the 
extraordinary circumstances which oear witness to the supernatural 
intervention of the divine will, we see, on one hand, the material 
possibility of the fact transmitted to us, and, on the other, w6 find 
even the secret of the means brought into play ; that is, the up- 
heavals, the subsidences, the consequent oscillations of the water, 
which from that time became efficient causes of the great chastise- 
ment then inflicted on the human race. If, because the known 
results it has produced are feeble, we cannot too carefully seek the 
cause of this great phenomenon, in the last of the upheavals to this 
time classed, which dislocated the deposits in which traces of human 
industry have already been found : perhaps it may be discovered in 
that which caused the rise of the Andes in America, and the volcanic 
chain of central Asia, which, with a colossal development, also 
present striking characters of relative novelty. 

As to the future of our planet, everything leads to a belief that 
the state of tranquillity we now enjoy is but temporary, like all the 
intervals of crises during which the different sedimentary deposits 
were formed. In fact, in the series of perturbations which, through 
all time, have formed part of the mechanism of nature, we perceive 
no law authorising us to conceive a termination to the succes- 
sion of these phenomena : to accidents of little importance succeed, 
indistinctly, either crises of the same order, or frightful catastrophes ; 
long periods of tranquillity suddenly succeed terrible convulsions. 
To the small upheaval of mount Vise, for example, succeeded the 
great catastrophe of the Pyrenees ; to this the small accidents of the 
system of Corsica, which were followed by the great event of the 
Alps. The long period of the jura'ssic formation was disturbed 
by the upheaval of Cote-d'Or, as the deposit of the vosgean sand- 
stone was almost immediately arrested by the system of the Rhine. 
18 
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All was irregular in those rerolutions of which we have acquired 
a knowledge; no fact presents itself suggesting the idea of a 
gradual diminution in the intensity of subterranean actions, and 
leading us to think the earth has lost the property of being suc- 
cessively broken and ridged in all directions. Nothing, therefore, 
can assure us that the period of calm in which we have lived for 
upwards of 5000 years (the period of the deluge), will not be dis- 
turbed, in its turn, unexpectedly, by the appearance of some new 
system of mountains ; the effect of a new dislocation of the soil, the 
foundations of which earthquakes show not to be unshakable. 
Hence it follows that the idea of an end, or a renewal of things 
here below, as widely spread as the great inundation which has f 

passed, is also in the order of the laws which govern the universe. f 

Geogeny, The history of the various systems which have been I 

imagined to explain the origin of the universe, and of the earth in 
particular, might perhaps afford some attraction to the curious ; but, 
besides occupying a great deal of time in pure romance, it is, per- 
haps, better to forget the many mental vagaries we should be 
forced to expose. A single geogeny is worthy of our attention ; 
it is that which is related in the Book of Moses, and which, 
after a lapse of more than 3000 years, still presents, on one 
hand, the clearest appHcation to the best established theories, 
and, on the other, the most succinct account of great geological 
facts. 

What is more rational, in fact, and more in conformity with 
even our most precise knowledge, when we think of bringing order 
into the general confusion of things, than to create the vehicle by 
means of which the phenomena of light, of heat, &c., may be 
manifest, and infuse Hfe everywhere, — -than to collect the scattered 
elements into groups separate from each other, — than to establish 
here and there centres of attraction around which all may gravitate 
according to an immutable law ? Nevertheless, this is what we 
find, with fewer details, no doubt, than we could give by means of 
our acquired knowledge, in brief and common language intelligible 
to all, in the first verses of Grenesis, which thus state three succes- 
sive and distinct facts. We there find, indeed, in outline : Dens 
fecit LUCEM (the fluid of light, of heat, &c.), firmamentum (space, 
and all the masses scattered through it), solem et stellas (the 
centres of attraction), &c. 

As to the organic creation, it is divided into four successive, and 
also rational epochs. The first estabhshed vegetative Hfe, or life 
of nutrition, which is manifested not only in plants, but also in the 
inferior animals, in which we find scarcely any other phenomena 
than those of nutrition, growth, &c. Afterwards came the Hfe of 
relation or sensibility, instinct, intelligence, and will, successively 
added, in different proportions, to the phenomena of simple existence. 
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This new life first takes a certain development in fishes f including 
reptiles, no doubt), then birds, which, together, constitute tne second 
epoch of creation. It acquired a new extension in mammals, which 
appeared at a third epoch ; and finally reached its highest degree 
in man, with whom terminated the work of the Omnipotent, 
receiving a soul in the image of Gk)d, to distinguish him from all 
other creatures. 

This is without doubt a wonderful example of successive organic 
combinations ; but jt is also precisely the order in which aU the 
remains buried in different ages successively present themselves. 
Those we meet in deposits we regard as the most ancient, are the 
calcareous remains of certain polypa'ria, mussels, sometimes even 
the shell of some acephalou§ mollusks, the trilobite crusla'ceans, 
and the remains of plants, the accumulation of which formed the 
anthracite of the devonian formations. The abundance, the extent, 
the thickness of these combustible beds announce the great luxu- 
riance of vegetation, which leads us to.beheve that plants existed 
for a long time, and that perhaps their first debris have disappeared 
in the profound metamorphisms which modified the deposits in 
which they might have been. 

Fishes are not met with prior to the devonian formations, and it 
is only in the coal deposits they present a strength of organization, 
which is lost in the succeeding deposits, and which is not known 
even now on the globe. Reptiles have left their remains in the 
new red sandstone, or penine formations which followed ; and the 
birds, the creation of which Grenesis also places in the same epoch, 
have left the imprints of their feet on the sandstones. 

Mammals did not appear until long afterwards ; the traces of 
those found in the great o'olite belonged to the least perfect orders : 
it is only in the tertiary strata that their debris of every species are 
found in abundance. 

Human remains are not found in any of the beds which have 
been upheaved from the bosom of the waters, and now forming 
parts of our continents; it therefore follows that this privileged 
being of the general creation did not appear on the globe until after 
the animals whose fossil debris have been found ; he dates from 
an epoch comparatively very recent, which is placed after the up- 
heaval of the principal Alps ; his formation would consequently 
go back about 6800 years, according to admitted chronology. 
It is in deposits formed under the waters since this catastrophe 
that the bones of man should be found, and they will not appear 
from that time in the series of geological beds until new revolu- 
tions shall have transformed the sediments still found under water 
into dry land. 

It is clear from this outline that the brief statement of sacred 
history is entirely in conformity with geological generaUties. Ob- 
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servation alone enables us to add a great number of details, 
useless no doubt to most men, but interesting at least to the small 
number of tbose who dedicate themselves to study, if indeed 
they are not destined perhaps to enlighten their behef. 

The assemblage of data we now possess leads us to perceive 
that each of the particular creations briefly indicated in Genesis, 
with the exception of that of man, did not take place in a single 
moment ; that, on the contrary, it was successively, in a considera- 
ble space of time, and in proportion as the terrestrial globe itself 
was fashioned. Indeed, if the vascular cryptc^'mia appeared 
nearly from the commencement of things, the gy'mnospe'rmous 
phaneroga'mia did not appear until about the epoch of the coal 
formation, and did not exist in abundance until long afterwards ; 
it is the same Avith the monocotyledons, the remains of which are 
at first few and indistinct, and not clearly seen until after the chalk ; 
the dicoty'ledons did not appear until still later, in the midst of the 
tertiary formations. In all this interval of time, the species suc- 
cessively changed, and those which were created, have m turn also 
entirely disappeared, one after the other, to give place to the 
new. 

Pishes, reptiles and mollusks, respectively present us with the 
same phenomena, and still more clearly show the successive ex- 
tinctions of different races, and the appearance of many others. 
The sauroid fishes, which Uved at the time that coal was formed in 
Belgium and England, disappeared for ever in the new order of 
things, established in the penine formation. True sharks did not 
ej^ist then, but appeared long after in the creta'ceous sea. Giganr 
tic saurians, with paws in form of paddles, and flying saurians, 
existed in abundance in the jura'ssic epoch, but disappeared in 
the following period, and were replaced in it by enormous ter- 
restrial saurians, of which there are no previous traces, and, after 
long having inhabited the earth by themselves, the latter were 
also successively lost, leaving only crocodiles afler them, still very 
different from those of the present day. The same is true of the 
tri'lobites, productus, and spi'rifers, which, after having multiplied 
for some time, disappeared one after the other. The ammonites and 
beleirmites succeeded them, and are found in abundance in the 
jura'ssic sea ; then they became completely extinct, after having 
successively changed species, at the moment in which the chalk 
formation ceased to take place. All the mollusks that followed 
after, more and more resemble those now existing, of which there 
was then no trace. 

Mammals present themselves under similar circumstances ; the 
different orders and different species appeared only in succession. 
The first were only the feeble marsupials. Long afterwards came 
the pachyderms, analogous to the tapir, the first species of which 
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-were soon annihilated. Other species of the same genus suc- 
ceeded them, .and these were found associated with new animals, 
the ma'stodon and dinothe'rium, hut they soon afterwards became 
extinct for ever. Still later came the elephants^ they only appeared 
with the cami'vora, the rode'ntia, &c., the species of which were 
still only the prelude to those which appeared at the same time 
with man. 

All these successive changes in the series of creatures coincide 
with the great disturbances of the surface of the globe. It was at 
the instant of the catastrophes, produced by movements of the soil, 
that families, genera, species of organic bodies which had until 
then existed, disappeared. In times of the succeeding calm, on 
the contrary, .the new organization was developed in harmony 
with the new atmospheric circumstances, and new dispositions 
of the isothermal Hnes, &c. 

These details, which observation enables us to add to the 
recital of Genesis, are in general harmony with the facts, there 
found briefly enunciated, and of which thev are but the develop- 
ment ; the only difficulty presenting itself is that of the appli- 
cation of the word day, which, happily, even in the eyes of 
legitimate judges, from Saint Augustine down, does not seem to 
possess the value which people have naturally attributed to it. 
This expression seems in fact to have been adopted, only as an in- 
dication pf relative epochs, as the means of making understood 
and retaining the order and succession of things which were at 
once revealed. It is clear, indeed, that minute details categorically 
established by figures, which would satisfy the curiosity of a snuJl 
number of men, would not be either received or comprehended 
by the vulgar, who, nevertheless, are entitled to this important 
instruction. We ourselves often resort to ways still more crooked 
to make ourselves better understood by all : it is in this way, for 
example, we speak of the rising and setting of H^ sun, to describe 
the arrival of this luminary to the meridian, to the solstice, &c., 
although we know very well that we must attribute these pheno- 
mena to the inverse movements of the earth. 

Accordmg to geological observations, this common expression, 
days, ought to signify epochs, which embrace lonff periods of 
time, each being relative to a certain system of creation in which 
there w^re different formations of creatures, as well as success- 
ive extinctions of those previously existing. Each period be- 
gan at a particular date, clearly determined, and marked by a 
catastrophe which overturned the order of things anteriorly esta- 
blished on the earth ; it was extended, for a longer or shorter time, 
sometimes through succeeding epochs, and often up to the appear- 
ance of man himself. According to the conjectures of the scien- 
tific, an immense time elapsed between the formation of the first 
18* 
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sediment and the last, without counting the period lequked 
for the consolidation and first cooling of masses of planetary mat- 
ter. It was in long series of ages, which are but as instants in 
eternity, that the earth was fashioned, as we now behold it, by 
every kind of movement in the soil, by sedimentary deposits <h 
dif^rent kinds, and finally prepared as the sojourning place o[ 
man, for whom God has disposed everything. 
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Tbe following abbreviations are uaed : 



Pr. French 

fr. fr. from tbe French 

Oer. German 

fr. ger. from the German 

Gr. Greek 

fir. gr. from the Greek 

U. Italian 



Abko'hm Ai. -!-^ fr. lat. a^ , from, wor- 
fna, rule. Not conformable to 
rule. 

ABNo'BMoufl-.Out of rule ; minlia- 
pen. 

Ac£fh'alou8 — ^a-kef'al-us.) fr. gr. 
a, without, kephafe, head. Without 
a head ; headless. 

Actin'olits and Actt'itoIiITe.— fr. 
gr. aktin, a ray; Uthoi, a stone. 
A variety of hornblende which 
usually occurs in fascicular crystals. 
There are three varieties of this 
mineral ; crystallized, aabestous, 
and glassy. 

Aculea'tvs — ^Lat. Aculeate ; having 
a sharp point, (p. 49.) 

Acumiita'ta — LaU Acuminate ; 
pointed ; peaked, (p. 59.) 

Acu'ta — Lat. Acute ; sharp pointed. 

AcvTico'sTA — Lat (acutuSf pointed, 
and costuj rib.) Having pointed 
ribs or sides. 

A'cutilo'ba — Lat. CacutuSf pointed ; 
iobOy a lobe.) Having sharp or 
pointed lobes. (Fig, 169, p. 88.) 

Adu'lt — Fr. Lat. adolescOf I grow. 
Full grown. 

A'qath ^~{r» gr,agatho8, good, pre- 
cious. An aggregate of certain 
siliceous minerals, cbieBy chalce- 
dony, variously coloured* JUioss 



ft. it. from the Italian 

Lat. Latin 

fr. lat. from the Latin 

8p. Spanish 

fr. sp. from the Spanish 

Plur. Plural. 



agate or Mocka stone is a chalce- 
dony containing within, moss-like 
delineations of a yeliowish-browii 
or green colour. 

AogWhebate — fr. lat agglomero, 
I wind up. To gather together. 

Agoloxeba'tioit — A mass made up 
of parts gathered together. 

AOOLUTIITATED ff. lat. od tO, glu» 

ten, glue. United together; ad- 
hering. 

Alxfo'bmis — Lat (aJa,yt\nfi^, forma, 
shape). Wing-shaped. (Ft^. 119.) 

Ai.bit£ — fr. lat albitSy white. A 
rainerat See p. 120. 

Albitic — Of the nature of albite. 

Al'oje — Lat plur. of alga. Seaweed. 
Systematic name of a family of 
plants. 

AlluViai— Of the nature of allu- 
vium. 

Allu'vion, ^ fr. lat alluo, I wash 

AiLu'riUM, 5 upon. Gravel, sand, 
mud, and other transported matter 
washed down by rivers and floods 
upon land not permanently sub- 
merged beneath water. A deposit 
formed from transported matter, 
(p. 94.) 

ALPixE^Belonging or relating to the 
Alps. 

ALu'MiirA — fr. lat alumen, aluuk. 

(311) 
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Pure argil ; the basis of alom ; one 
of the earths. 

Axu^MiNous — Of the nature of alu'- 
mina. 

Alveola'tus — Lat. Alve'olate. Hav- 
ing the surface covered with nu- 
merous depressions, comparable to 
the alve'oli or sockets of the teeth. 

Amblt'pterus — fr. gr, ambluSf ob- 
tuse, pterOTij wing. A fossil fish. 

Ambvla'cra — Lat. plur. of ambula- 
crum. The narrow longitudinal 
portions of the sea-urchin (^Echir 
tius), which are perforated with a 
number of small orifices, giving 
passage to tentacular suckers, and 
alternate with the broad tuberculate 
spine- bearing portions, (p. 54.) 

Ambula'cruk — Lat. An alley. 

Ammo'iiia— Lat. Relating to Am- 
mon, a name of Jupiter. Specific 
name of a fossil shell, (p. 67.) 

AHMo'Nis-^Lat. Genitive case of 
Ammon, a name of Jupiter. 

Au'MoiriTB — fr. lat Amman, (p. 
51.) 

Amo'bphous — fr. gr. a, without, 
morphe, form. Shapeless. 

Am'fhibolb — fr. gr. amphibolos, 
equivocal, (p. 121.) 

Amfle'xus — fr. lat. ampledo, I em- 
brace. Greneric name of a fossil. 

Ahfulla^rta — fr. lat ampulla^ a 
round, swelled out bottle. Name 
of a genus of snails. 

Amt'odaloid — fr. gr. amugdalon, 
an almond, eidos, form. Almond- 
shaped. Applied to certain rocks 
in which other minerals are oc- 
casionally imbedded like almonds 
in a cake. A particular form of 
volcanic rock. 

Asa'logt — fr. gr. ana, between ; 
hgoSf reason. Resemblance or re- 
lation things bear to each other, 
although not exactly alike in all 
respects. 

AirA'Looou8~«.Having analogy, or re- 
sembling. 

An'alooue— A substance or article 
having ana'logy to others may be 

. called the an'alogue of those things 



with which its properties or pointv 
of resemblance are compamble. 

Aif ak'ghtt£b-^A genus of fossil setL' 
urchins, p. 62. 

AirDALu'siTE — A mineral first ob- 
served in Andalusia in Spain. It 
is very hard and infusible, and 
consists chiefly of alu'mina and 
si'Iica. 

Anfhactuo'sitt— Fr. Lat anfraC' 
tus, the bending or winding of a 
way. An irregular hollow or 
groove. 

Angle of dif. See p. 185. 

An'htdrous — fr. gr. a, without, 
udoTf water. Without water. Ap- 
plied to salts and certain acids 
when deprived of water. 

An'nvlar — fir. lat. annulus, ring. 
Shaped like a ring. 

Autnula'rm — fr. lat annuluSj ring; 
Generic name of a fossil plant 
(p. 41.) 

Anodo'itta — fr. gr. a, without ; 
odous (genitive, odoutos), tooth. 
Systematic name of a kind of mus- 
sel, p. 149. » ^ 

Anodo'nt^— ^Plur. of Anodonta. 

Anoflothe'rixjm — fir. gr. a, with 
out, oplon, arm, or anoplos, un- 
armed ; and therioriy beast P. 82, 
fig. 156. 

Awticli'nal axis, "} fir. gr. aw/t, 

Ajtticli'nal line, 5 against ; kit- 
nein, to incline. An imaginary 
line towards which strata, dipping 
in opposite directions, rise. p. 160. 

Antiq.ua'tu8 — Lat. Antiquated, out 
of date, abolished. 

A'nthracite — fr. gr. anthraXf char- 
coal. Mineral charcoal. A kind 
of stone-coal difficult to inflame. 

A'nthraciti'ferous — fr. lat an 
thracitey and the Lat fero, I bear. 
Containing or aflbrding anthra- 
cite. 

Afio'crinites — fir. gr. apion, a 
pear ; krinoUy lily. The pear en- 
crinite (p. 149). A sub>genus of 
fossil encri'nites^ in which the stem 
is rounded and dilated, at its upper 
part, into a pyriform shape. 
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AavA'tic— fr. lat. aquoj water. Re- 
laUiig or belonging to water. 

AauiLi'N A— Lat. Of or like an eagle ; 
rapacious. 

Arauca'ria*— (From Arauco, a dis- 
trict of Chile.) Fir-trees with very 
rigid branches, having leaves like 
scales either small and sharp-point- 
ed, or stiff, spreading, and lanceo- 
late. The Norfolk island pine is 
one of this genus. 

Arbobe'scent — fr. lat. arbor, a tree. 
Branching like a tree. 

ARCUA'TA—Lat. Arched; bent like a 
bow« 

Arena'ceoos — fr. lat. arena, sand. 
Sandy ; of the nature of sand. 

Argil — fr. lat. argilia, clay, which 
is formed from the Greek argos, 
white; because ^ben pure it is 
white. Old name of alq'mina. 

ARGiLLA'c£ous..^Of the nature of 
clay, 

Argilla'csovs-schist — Clay slate, 
or argiliiUB. 

Ar'gillits — A slaty rock of fine, tex- 
ture, with a faintly glistening, or 
earthy surface of fracture, and 
mostly of a dark colour. Roofing 
slate, and novafcuUte or hone-slate 
are varieties of argillite. 

Aroilo-arena'ceous — Partaking of 
the nature of both clay and sand. 

Arieti'ita — Lat. Belonging or re- 
lating to a ram. 

Arkose — A name given to different 
metamorphic sandstones, (p. 178.) 

Articula'tior — fr. lat. articulus, 
a joint A joint betwixt bones. 

A'sAPHus — fr. gr. aaaphes, obscure. 
A name devised to express the ob- 
scure nature of a genus of trilobites, 
fossil crustaceans — (p. 28.) 

Asbb'stus, or Asbestos »-fr. gr. 
asbestos, unconsumable. A fibrous 
soft mineral, composed of easily 
separable filaments of a silky lustre. 
It consists essentially of si'lica, mag- 
nesia and lime. 

Asta'rte' — Name oi a genus of fos- 
sil bivalve shells. (Figs, 104, 105, 
176.) 



Astrb'a — fr. gr. aster, a star. A 
genus of poly pa'ria. (p. 141.) 

Astbe'x — Plur. of Astrea. 

Athle'ta — S|)eGific name of mol- 
lusk. 

Au'oiTE — fr. gr. atige, lustre. A 
mineral, the same as pyroxene. 

Av'gitic-porphtrt — Crystals of 
Labrador feldspar, and of augite in 
a green or dark-grey base. 

Atala'mche — Mass of hardened 
snow, detached from lofty moun- 
tains, which overturns everything 
in its way, often causing great de- 
struction. Applied also to slides 
of earth and clay. 

Avi'cuLA — fr. lat avis, a bird. 
Name of a genus of bivalve mol- 
lusks. {Figs, 63, p. 52.) 

A'xis or sleva'tioj( — Line of ele? 
vation. 

Bac'cilar — fr. lat baeca, a beny. 
Berry-like. 

Ba'culites — fr. lat baeculum. a 
stick. A genus of te.trabranchiato 
cephalopoda, the chambered shells 
of which are quite straight, but 
differ from those of the orthocera- 
tites in having sinuous or undu- 
lated partitions with lobatedinar« 
guiB : in this structure they are 
allied to the Ammonites, (p. 72.) 

Bao-shot sAifD.^ A siliceous bed 
which overlies the London clay 
formation, corresponding in age 
with the Paris basin. 

Bala'hi — Plur. of balanus. 

Bala'nus »- Lat. A barnacle, (p. 
86.) 

Balloits — Fr. ballon, a ball. Round- 
ed mountains are so called. A sya^ 
tem of upheaval — p. 191. 

Barra'nco — Sp. A ravine. 

Basa'lt — A rock essentially com- 
posed of feldspar, and augite of a 
compact texture, and dark green, 
grey or black colour. It occurs in 
columnar masses. When light-co- 
loured, with the feldspar predomi- 
nating, it is sometimes called grey' 
atone* ' Basalt closely resembles 
greemtone* 



S14 



GLOSSARY. — GEOLOGY. 



Basa'ltic — Of the nature of ba- 
salt 

Basset — Outcrop, or emergence of 
strata at the surface. 

Bastero'ti — Specific name of a fos- 
sil (p. 90). 

Batra'chiast (^Ba-trdk -ean) — fr. 
gr. batrachos, frog. A kind of 
reptile reseaibling a frog in its mode 
of organization. 

Bele'mkites — fr. gr. bekmnoriy a 
dart. A genus of fossil dibranehiate 
cepbalopods, the shells of which are 
chambered and perforated by a si- 
phon, but internal. 7'hey are long, 
straight, and conical ; and com- 
monly called <* thunder stones'' (p. 
55 and 74). 

Belle'raphon. p. 38 and^^. 33. 

Bicorda'tus^ — Lat Bicordate; double 
heart-shaped. 

Bi'furcated — fr, lat. hif, two, furca, 
fork. Divided into two branches. 

Biocula'ta — fr. lat. 6i5, two, ocu- 
lu9t an eye. Two-eyed. 

BiTu'MEir — fr. gr. pitus, the pitch- 
tree; because it resembles pitch. 
A variety of inflammable mineral 
substances,, which, like pitch, is in- 
cluded under this term. 

Bitu'menized — Converted into bi- 
tu'men. 

Bitu'minous — Of the nature of bi- 
tumen. 

Bitu'miitous shale — A slaty rock 
containing bitumen. 

Bi'vALTE — fr. lat. biSf two, vcdvm, 
doors. Shells composed of two 
pieces united by a hinge are termed 
bivalves. 

Blende — Sulphuret of zinc, a com- 
mon shininj^ zinc ore. 

Blumenba'chii — The name of Blu- 
menbach latinized. 

BossE — French. A hillock ; a round- 
ed projection or elevation. 

BoTRT^oiDAL — fr. gr. botrus, a bunch 
of grapes, and eidos, resemblance. 
Clustered like a bunch .of grapes ; 
covered with smooth, rounded 
masses. 

Boulder fobmatiok. p* 93. 



Brac'hiopod {Bra'ke-o-pod.) — fr. 
gr. brachiont arm, pous^ foot. A 
mollusk with a two-lobed mantle 
and bivalve shell. (^See Concho- 
logy, p. 88.) 

Bracht'pht'llum — fr. gr. brachuSf 
short, phuliorit leaf. A genus of 
fossil plants. (Fig, 94, p. 61.) 

Bradford clat — An English bed 
of the great o'olite, usually consist- 
ing of a pale greyish clay, Contain- 
ing a small proportion of calcareous 
matter, and inclosing thin slabs 
of tough brownish limestone. It 
abounds in fossil apiocrinites. 

Brash — A provincial word used in 
England to describe the alluvial 
mass or quantity of broken and 
angular fragments of subjacent rock, 
found usually between the vegeta- 
ble mould and the regular rocks. 
It is also called rubble* 

Bre'ccia (bresh'-cd) — It. A rock 
composed of an agglutination of 
angular fragments. When the frag- 
ments are rolled pebbles, it consti- 
tutes a conglomerate rock called 
pudding stone, 

Bretifo'lia— Lat. from brema, short, 
folium y leaf. Short-leaved. 

BRoiroiriARTii *— Specific name of a 
fossil in honour of M. Brongniart, 
the eminent French naturalist, 
(p. 60.) 

Brc'ciNUM — Lat. A trumpet or 
horn. Name of a genus of mol- 
lusks. (p. 90.) 

Bu'cHii — The name of Von Buch 
latinized. 

Buckla'ndii — Specific name of cer- 
tain fossils, given in honour of 
the eminent geologist Dr. Buck- 
land. 

Bupre'stes — Lat Noxious insects. 
Certain beetles. 

Cala'mites — fr. gr. kalamoa, a reed. 
Common fossil plants in the coal 
strata. Cala'mites usually consist 
of jointed fragments which are sup- 
posed to be portions either of the 
trunk, or branches of a plant, which 
appears from some of the larger 



GLOSSARY. — GEOLOGY. 



215 



specimens, to have attained tbe 
dimensions of a tree. Both stem 
and branches were deeply ribbed 
along their whole length, and the 
ribs or furrows were crossed by 
horizontal rings at irregular inter- 
vals (p. 42). 

Calc-sihtbb — Ger. aintern, to drop. 
A Getman term for limestone de- 
posited from springs and waters 
containing it Travertin. 

Calca'ire oboss'ier — Ft, Marine 
limestone. 

Calca'ire siu'csux — Fr. Fresh 
water or siliceous limestone. 

Galca'reovs — fr. lat calx, lime. 
Containing lime. 

Calca'reovs grits — Sandy beds, in- 
termixed with calcareous matter, 
found in the o'olite (p. 62). 

Calce'ola — ^ fr. lat. calceoloua, a 
little shoe; A fossil bivalve shell 
(p. 33). , 

Calci'fehous — fr. lat calx, lime, 
fero^ I bear. Containing lime. 

CAt'ciwED — ^fr. lat calx, lime. Con- 
verted into calx or a friable sub- 
stance by the action of fire. 

Calcina'tioit — The reduction of 
bodies to a calx or friable condition 
by the action of fire. 

Cal'tus — Lat Bald. Specific name 
of a productus. 

Calt'mene — fr. gr. kekalumene, 
concealed. A name of a genus of 
trilobites (p. 29). 

Cambrian system — p. 27. 

CAHrir«Fo'RMis —Lat fr. carina, a 
reed, formis, form. Reed-shaped 
(p. 42). 

Can IS — Lat Dog. 

Car'bon — fr. lat carbo, a coal. 
The pure infiammable principle of 
charcoal ; in its state of absolute 
purity, it constitutes the diamond* 

Cab'bonate — A compound of car- 
bonic acid with a salifiable base; 
carbonate of lime, for example, is 
a compound of carbonic acid with 
lim^ constituting chalk, limestone, 
marble, &r 



Cabboita'ceous — Belonging or relat- 
ing to carbon. 

Cab'boitic acid — An acid, com- 
pounded of cart)on and oxygen. 

Cab'bokous — Of the nature of car- 
bon* 

Cabboiti'fsrovs — fr. lat carbo, a 
coal, fero, I bear. Containing 
carbon. 

CAB'BainsED~Converted into carbon. 

Cabbonisa'tion — The action of 
forming or converting a substance 
into carbon. 

Cab'bubet-^A combination of car- 
bon with a metal or other sub- 
stance; steel and blaek lead are 
carburets of iron. 

Cab'bubetted — Converted into a 
carburet ; containing carbon. 

Car'divm — Lat. A cockle. A genus 
of bivalve shell (p. 81). 

Cabiita'ta — Lat from carina, a keel. 
Carinate ; having a keel-like eleva- 
tion. 

CabniVoba — Lat Carni'vorous. 
Carni'vorous animals. 

Cabni'voboits — fr. lat. caro, (geni- 
tive camis,') flesh, t^oro, I eat 
Flesh-eating. 

Ca'btopht'llIa — fr. lat cary(/~ 
phyllus, the garden pink. A genus 
of Ma'dfepo'ra (p. 141). 

Cas'cabe — fr. fr. A cataract; a 
water-fall. . 

Cate'wa — Lat A chain. Specific 
name of an ammonite (p. 152). 

CA'TEVATEiH~fr. lat cottna, a chain. 
Linked together. 

Catexipo'ba — fr. lat catena, a 
chain, pora, pore. Generic name 
of a polyp (p. 81). 

Ca'ttlus or CATiLLUs — Lat. A 
little dish. A genus of fossil shells 
(p. 74). 

Cauda'tus — ^Lat Caudate ; having 
a tail. 

Cave'bwous — fr. lat cavus, a hoi- 
low. Containing hollows; exca- 
vated* 

Cb'meitted — Joined together by ce- 
ment 
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Cembfta'tiow— When a «oli3 body 
is surrounded by tbe powder of 
tfther substances, and the whole 
beated to redness, tbe process is 
termed cementation, Iroh is con- 
certed into %teel by cementatioo 
with charcoah 
•Ct'sTTiGRADE (TbermoHieter) — fr. 
lat. centum^ hundred, grcuius, a 
degree. Division into a hundred 
parts. The seale of the centigrade 
thermometer is made by dividing 
the ^pace between the points of 
freezing, and boiling water, 'into 
one hundred parts or degrees. 

CEPttALVsPYs (kef-al tt'spis) — fr. gr. 
kephcUcy heed, Qspisy shield. A 
genus of ibssil fishes (p. 37). 

Ce'ehaxopod (kt' fab-pod) — fr. gr. 
kephahy bead, pous, in genitive 
case podoSy foot. A mollusk which 
bas the bead situated between the 
body and feet. 

CEHi'TBiAr— Plur. of cerithium. 

Cebi'thium — A genus of turriculated 
univalve mollusks, both recent and 
fossil (p. 80 and 151). 

Cb'roid -r- fr. grr kBros, wax, tidos, 
resemblance. Wax-like. 

Cestha'cion —French, fr. gr. hes* 
traios^ name of a fish. A genus 
of the family of sharks (p. 46). 

Ceta'cea — Lat. fr. gr. ketos, a 
whale. Name of an order of mam- 
mals. 

Ceta'cea — Plor. of ceta'cea. 

Ceta'ceocS'^ Relating or belonging 
to ceta'cea. 

Chalcb'dont — fr. gr. kalkedon, 
Chalcedon, in Asia, where the 
finest specimens were originally 
found. A semi-transparent siliceous 
mineral, apparently found by the 
infiltration of siliceous matters in a 
state of solution. The chaleedo'nic 

. varieties of quartz include Chalce- 
\~ dony, Crysoprase, Cornelian, Sard, 
Agate, Onyx, Cal's-eye, Flint, and 
Horhstone. 

Chalk — fr. ger. keilk. Earthy car- 
bonate of lime. Chalk has been 
discovered^ it is said, for the first 



time in the United States, in Ala- 
bama, 1845. 

CuAtK MARL -.:i Marl be|dtig1ng to 
the cretaceous formation. 

Cha'ma (korrrm) — fr. gr. cka^, I 
gape. A cockle (p. 67 and 151). 

Cha'ra — (Origin of this viroird is un- 
known.) A genus of . aquatic 
plants. 

CuELo'HiAN 8 ^— fr. gr. ehelonei a sea- 
tortoise. Animals of the tortoise 
tribe. 

Chert — A. siliceous mineral resem- 
bling flint. H is usually found in 
limestoiiie, 

Chlo'rjte — fr. gr» chldros, green. 
A soft,^reen, scaly mineral, slight- 
ly unctuous. V 

Chio'ritic c^alk— Chalk Ci^tain- 
ing chlorite. 

Chlo'ritic schist— Schist contain- 
ing chlorite, 

Chrome — fr^ gn chroma, col bur. 
The oxide iif a rnetal called chro' 
mium. Qxide of Chrome ^s green 
atid furnishes a valuable colour for 
porcelain. 

ChRono'logt — 'fr. gr.^ chronoi^ time, 
logos, discourse. The science which 

' treats of the divisions of time, and 
the order and succession of events. 

Cica'trices — Plur. of cica'trix. 

Cica'trix — Lat. A scar* 

Cida'ris — Lat A cap or turban. 
Name bf a genus of EchiniMes 
(p. 150). 

Cinders — Matters remaining after 
combustion. ' ^ 

Clatella'Ta — Lat. (fr. ctavulus, a 
little naiL) Marked by little^ pro- 
jections or points i knotted. 

Cleavage — The mechanical divi- 
sion, the lamime of rocks and mine- 
rats, to' show the constant direc- 
tion in ?!rhich they may be sepa- 
i^ted. 

Clikkstobte— (Sec pho'nolite. 

Cltme'htia — fr. gr. ^lumenpn, the 
marigold ? A genos of fossil cepha- 
lopoda of the Devonian system (p. 
. 33), with a chambered shell ana 
logous to that of the ammonite. 
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Coal xeasuiies — ^The formations in 
which coal is found. 

GocciirsLLoiDES — fr. lat and gr. 
coccinellat cochineal, eidos, resem- 
blance. Resembling the cochineal 
insect 

Cocco'sTEus — Name of a genus of 
fossil fishes (p. 32). 

CoLEo'pTERA — fr. gT. kolcos, sheath, 
pteron, wing. Name of an order 
of insects. 

CoLv'xBA — Lat. A dove. Specific 
name of a fossil-shell. 

CoLiTBnrA'RE — ^Lat Columnar. In 
form of a column. 

CoxisTG TO DAT — When a vein or 
stratum crops out or appears on the 
surface it is said to come to the 
day. 

CoMMiiruTEn — Fractured into small 
pieces. 

CoMMu'iris-E — ^Lat Common. 

CoMFARATiTs AWATOMT — ^Thc Com- 
parative study of the various parts 
of the bodies of different animals. 

CoMPTo'iaA — A genus of plants 
named in honour of Henry Comp- 
ton, Lord Bishop of London (p. 88). 

Conce'ntkic — Having a common 
centre. 

CoircE'irrRicus — LaL Concentric. 

Cokchi'ferous (con-kif-erotui) — fr. 
iat eonchOj shell, fcrOf I bear. 
Shell-bearing. 

Coitcht'liah" (^con-kit' eon) — Con- 
sisting of or containing shells. 

CoWCBe'tIOITART FOBMATIOir — (p. 

183). 
Conde'itsable Was — Any gas that is 

susceptible of being condensed into 

a fluid, or solid. 
Conduit — A water-pipe ; a canal. 
Cone of eleyation — (p. 107). 

CoiTFORHABLS STRATIFICATION 

When the strata are parallel to 

each Other (p. 185). 
Co'ngeners — fr. lat co«, with, ge- 

nuSf race. Species belonging to 

the same genus. 
Conglo'merate — fr. lat eonglo- 

merOf I heap together. A rock 

composed of pebbles cemented to- 
19 



gether by another mineral sub- 
stance, either calcareous, siliceous, 
or argilla'ceous. 

Co'NiCA — ^Lat Conical. 

Co'nifer — fr. lat. conus, a cone^ 
fero, I bear. A tree or plant which 
bears cones, such as pines, fir-trees, 
&c. *» 

CoNoiDEA — Lat ConoidaL Cone- 



CoNoiDAL — fr. Iat conus, a cone, 
and the Gr. eidos, resemblance. 
Cone-shaped ; like a cone. 

Contempora'neous — fr. lat. con, 
with, iempus, time. Existing at 
the same time. 

Conto'bted — fr. lat eon, together, 
torgueo, I twist. Twisted together ; 
bent 

Co'frolites — fr. gr. koprosy dung, 
lUhos, stone. Fossil excrement 
(p. 44). 

Coral — fr. gr. AwrccJ, I ornament, 
ah, the sea. The hard calcareous 
support formed by certain polypi. 

Coral rag — Certain beds of the 
middle o'olite, consisting chiefly of 
corals (p. 63). 

Cor'alline — Belonging or relating 
to coral. 

Coralloi'des — Lat from cora/ and 
the Gr. eidos^ resemblance. Coral- 
like. Specific name of a devonian 
fossil (p. 33). 

Cor-an'guinum — ^Lat eor, heart, an- 
guinum, snake-like. Specific name 
of a fossil (p. 75). 

CoRNBRASH — An o'oHtic bed con- 
sisting of clays and sandstones. Its 
name is probably derived from the 
excellence of the corn-land, which 
results from the decomposition of 
the limestones, and their mixture 
with the sandstones and clay. 

Cohnu'tus — Lat Homed. 

Corona'ta — Lat. Crowned. 

Costa'tus — Lat Ribbed. 

Crag formation — (p. 84). 

Crassate'lla — A genus of bivatve 
shells. 

Cra'sus — Lat Thick. 

Cha'ter — fr. lat crater, a great 
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cap or bowl. The mouth of a toI- 
cano (p. 107). 

Cba'tSR 0¥ BLETATIOir ^p. 107). 

Crats'ripobm — In form of a crater. 

Cksha'titm — ^Lat Crenate ; having 
rounded teeth. 

Crxta'csous — fir. lat ereta, chalk. 
Of the nature of chalk ; relating to 
chalk. 

CsihoIbxib — fr. gr. krinon, lily, 
eiiio8f resemblance. A family of 
radiate animals. 

Cbiocs'batitss — fir. gr. hioef a 
ram, and kenUf a horn. A fossil 
cepbalopod (p. 67). 

Cbi'ses — Plur. of crisis. 

Cbi'sis — Gr. The point of time 
when any affidr comes to its height. 

Cbocodi'liait — Any animal of the 
tribe of crocodiles. 

Cbop out — When a rock, in place, 
eoterges on the surface of the earth* 
it is said to crop out 

Cbusta'ceah — Any animal of the 
class of crusta'cea ; a crab. 

Cbtptoga'mia — fr. gr. kruptos, con- 
cealed, gamos, marriage. Name of 
a class of plants. 

Cbt'stal — fr. gr. hrustalloSy ice. 
This term was originally applied 
to those beautiful transparent varie- 
ties of si'lica, or quartz, known un- 
der the name of rock-crystal. When 
substances pass frmn the fluid to 
the solid state, they frequently as- 
sume those regular forms which 
are generally termed crystals. A 
crystal is any inorganic solid of 
homogeneous structure, bounded by 
natural planes and right lines sym- 
metrically arranged. 

Cbt'stalliite — Relating to, or re- 
sembling crystals. 

Cbtstallisa'tioh" — ^The process of 
forming crystals. 

Ctevoideaits — fr. gr. kteis, in the 
genitive, ktenos, a comb. An order 
of fishes (p. 48). 

Cuculla'tus — Lat Hooded. 

GuPBOus — Belonging to copper. 

CuviERi — ^The name of Cuvier la- 
tinized. 



Ct'athocbi'3iite» — fr. gn kuathos, 
a cup, krinon, lily. A genus of 
crinoides (p. 36.) 

Ct'athophtlla — Plur. cyathophy t- 
lum. 

Ct'athopht]:.i.ux — fr. gr. kuathos^ 
a cup, phuUon, a flower. A genud 
of polypa'ria (p. 31). 

CrcA'nsjB — TFrom cycas^ one of the 
genera.) An order of plants. 

Cx'cAS — A name employed by the 
ancients to designate a tittle palnu 
{Fig. 306, p. 196.) 

Ct'cIu*.]>s8 — Plur. Of cyclas. 

Ct'clas — fr. gr. kukUu, a circle. A 
genus of gasteropods. 

Ctciotdxaits — fr. gr. kuklos, a cir- 
cle. An order of fishes (p. 49). 

Ct'xbiux — fr. gr. kumha, a boat 
specific name of a shell. 

Cx'pBEA — fr. gr. ktipriSf Venus. A 
genus of gasteropod mollusks. 

Cx'pBis — fr. gr. kupris, Venn&. 
Name of a genus of crusta- 
ceans. 

Ctbx'ita — A genus of bivalve mol- 
lusks. 

Da'ta — fr. lat datum, given, a gill. 
Admitted fects. 

Debacle — Fr. Sudden escape of 
water from a lake, following a 
bursting of its barrier (p. 128). 

De'bbis {def'bret) — Fr. Wreck, 
ruins, remains (p. 14). 

Depba'itcii — ^Tbe name of Defrance 
latinized (p. 74). 

Deobade — fr. lat de, pnvitive, gror 
dtM, step, degree. To lessen, to 
cut down. 

Deorada'tiow— The act of lessen- 
ing ; reduction. 

Dejegtioits — Matters evacuated from 
the bowels. 

Deita — (p. 16 and 134). 

Deltoidea — Lat fr. gr. letter Af 
eidoSf resemblance. Resembling a 
delta A (p. 66). 

D£irTA'Tt7M — ^Lat Dentate ; having 
sharp teetk. 

Denude — fr. lat denudo, I strip. 
To lay bare. 

Dekuba'tiok — A removal of a part 
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of the land, so as to lay bare the 

inferior strata. 
Dsposi'TTOir — fir. lat. depono^ I let 

fall. The falling to the bottom of 

matters suspended or dissolved in 

water or other liquid. 
Pspre'ssvs — ^Lat. Pressed, sunk. 
Decs — Lat. God. 

Dsyo'lflAlV ST8TSM>-(p. 32). 

Diade'ma — Lat. A diadem, a crown. 
A genus of echioi'dee (p. 54). 

Di'aorax — fr, gr. dra, through, gra^ 
phdf I write. A figure drawn for 
illustration. 

Dia'i.i.aos — fr. gr. diaUage^ differ- 
ence. A mineral of folialed struc- 
ture easily divisible in %ine direction, 
its natural joints and fractures ex- 
hibiting a very diJfererU lustre «nd 
appearance. 

Pics'ras-*— fr. gr. dU, two, ktraa, 
horn. Generic name of a fossil bi- 
valve (p, 64,^%:, 106). 

Dicott'lsdovs — ^ fr. gr. cEs, two, 
koiuhd^tt, seed-bbe. A divisien of 
plants, according to ^e Natural 
Order. 

DicoTTLs'9Qirou8 — Relating t«dico- 
tyledonst 

Dioo'iTA —- fr. gr. dit^ two, gone, 
angle. Having two angles. 

Dilata'ta — Lat. Dilated, swoUed 
out 

DiLu'viAL— Relating to dilu'vium. 

Dilu'tiov, >fr. lat diluQ^ I wash 

DitpViui*!, 5 away. A superfieiai 
deposit ({u 92). 

Diitotsk'riuic -^ fr. gr. dinost cir- 
cular, therion, a beast (p. 86). 

Di'oBiTE — A variety of trap rock 
consisting of alhite and hornblende. 

Dip— ^Direction of the inclination of 
strata. <* To take a dip," is to mea- 
sure the degree that a stratum io- 
cKn^s or dips from a horizontal line 
(p. I8fi). 

Direction op strata — The Strike, 
or line of hearing (p. 185). 

Dirt-bed — (Portland) p. 145. 

Disa'ooreoated — fr. lat de, pri- 
vitive, aggrego^ I gather together. 
Separated, divided, broken up. 



DiaAOOREOA'Ttov— The breaking up 
of a mass into small parts. 

DlSCORDAirT 8TRATIPICATIOir-^Ull> 

conformable stratification. 

DnsKOAOBD— Separated from, freed 

Disi'imoRATS — fr. lat tfe, privi- 
tlve, integer, entire, whole. Ta 
separate or break up an aggregate 
into parts. 

Disivtboba'tiov — ^The act of separ- 
ating or dividing a whole into parts. 

DisLocATX-— fr. lat de, privitive, lo- 
eua, place. To put out of plaoa. 

DisLOOATiov — Displacement of a 
part 

Disposi'tioh — fr. lat dispone, I 
arrange. Arrangement, method, 
order. 

DisRu'PTiov — fr. lat dtxrumpo, I 
break oC The act of breaking 
asunder. 

DisTomTioir — fr. lat de, from, for- 
tum, twisted. The act of distorting 
or twisting out of place. 

DoiLicHoiHE'iBus (doH'Jso-dy'rus) ^^ 
Lat fr. gr, doliekodj long, detre, 
neck. Long-necked (p. 57). 

Do'ioxiTB-^-Named after Delomieo. 
Magnesian marble-: granular mag- 
■esitn carbonate of lime. It con- 
tains about 45 per cent of carbo- 
nate of magnesia. It is commonly 
more friable or crambiing than pure 
limestone, and less durable as a 
building materiaL 

DoiieiMisA'TiaK-...The conversion of 
common into magnesian limestone 
or dolomite (p. 170). 

Doxs — fr. lat domut, houseu A 
rounded projection. 

Do'xiTB^A tru'chytie ro<^ (p. 171). 

Dript— (p. »2). 

DvvEs — Fr. Downs (p. 124). 

DuTALfi — Name of Duval latinised. 

DrKK or DiKS-*(p. 118). 

Earth<iitaki8 — (p. 97). 

Ebulli'tiov — The act of boiling; 

EcHiViDJs ^ fr. gr. eehimu, a 

Echihi'dbs 3 hedge-hog, eidos, re- 
semblance. Systematic name of the 
order of sea-urchins. 
lEcai'vQDiBJif-ofr. gr. eMws, a 
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bedge-hog, d^rma, skiD. A class 
of invertebrate animals, with a crus- 
ta'ceotts integument armed with tu- 
bercles or spines (p. 52). 

Edsvta'ta — Edentate. An order 
of mammals without teeth. 

Ebs'stats — fr. lat e, without, dena, 
tooth. Without teeth. 

ErrBKTB'scBircB — fr. lat efferveseo, 
I grow hot. The commotion pro- 
duced in fluids by the sudden escape 
of gas in the form of bubbles.^ 

Eftu'sion — fr. lat. effundo, I pour 
out The pouring out of a liquid. 

E'leoahs — Lat. Elegant. 

ExBoss — fr. fr. bossef a protuber- 
ance. To cover with lumps or 
bunches. 

Ehcbi'ititbs — fr. gr. krinorif a lily. 
A genus of eehi'noderms (p. 5S). 

E'HToxo'sTHACAir 8 — fr. gr. ent<h 
moit incised, ostrakon, a shell. A 
division of the class of crusta'cea. 

E'ocb'kb— (p. 78). 

Epibbxic — fr. gr. epi, upon, de- 
mo8, the people. A prevailing dis- 
ease. 

E'pocH — ^The time from which dates 
are numbered. 

E'POCH 07 FOBXATIOir — (p. 192). 

E<ii7a'li8 — ^Lat Equal. 
E<iija'tion — ^fr. lat aquarey to equal. 

Equivalent A mean proportion 

between extremes. 
EdUiLi'BBiux — ^fr. lat nqutj equal- 

lyj tibro, I balance. Equal balance. 
EaviSB'TA — Plur. equisetum. 
E<ii7I8eta'ce2b — fr. equiseftwnf one 

of the genera. A natural order of 

plants. 
Ea^isB'Tux — fr. lat. equus, horse, 

seta, hair. A genus of plants. 
Eko'db — fr. lat erod(9, 1 gnaw. To 

wear away, to corrode. 
Eao'sioir — ^The act of wearing away. 
Ebo'site — Corroding, wearing. 

EbBATIC block rOBMATIOH (p. 

93). 
Ebu'ptioit — fr. lat e, from, rumpo, 

I burst The act of bursting from 

any confinement 
Ebca'bpxbkt — fr. it. scarpOf sharp, 



formed fr. lat earpere, to cut or 
divide. The steep face often pre-, 
sented by the abrupt termination of 
strata where subjacent beds ** crop 
out" from under them. 

EsGHABoiDBs ^ fr. gr. esckoro, a 
fire-place, a gridiron, ekhst resem- 
blance. Specific name of a coral 
(p. 31). 

Evom'phalus — (p. 39). 

Eu'PHOTiDB — A rock composed essen- 
tially of feldspar and diallage. 

Bt<h.u'tu8 — ^Lat Unfolded. 

Excobia'tioit — fr. lat «r, from, 
eoriumj skin. An abrasion, mark 
of a part having been rubbed from 
the surfiice. 

Bxo'oTBA — fr. gr. ex6, without, gu- 
roB, circle. Not circular. (Figs. 
109,115,126,135.) A genus of 
unimuscular bivalves, allied to the 
oyster. 

Expi.o'sioir — A sudden bursting with, 
noise and violence. 

ExTBxxiTiBs — The limbs ; legs^ 
arms, dbc 

Exuda'tioit — fr. lat ex, from, tudoy 
I sweat Transpiration. 

Exu'rix — ^Lat The sloughs or cast- 
skins, or shells of animals. 

Fa8Ci'cui.is — ^Lat Plur.of fasciculus. 

Fasci'culus — ^Lat A bundle. 

Fastioia'ta — ^Lat Sharpened at top 
like a pyramid. 

Fatbok — A measure of six feet 

Favxt — fr. ger. faU, an accident, 
sinking, fall (p. 158). 

Pau'ka — fr. lat faunua, the name 
of a rural deity among the Romans. 
All animals of all kinds peculiar to 
a country constitute the fauna of 
that country. 

Fecit — Lat He made. 

Felb'spab, OB FELSPAB — fr. gar. 
feldspaih* An important mineral 
composed of sialics, alu'mina, and 
potash, with traces of lime, and 
often of oxide of iron. It enters 
into the composition of granite. 

Feldspa'thic — Of the nature^or be- 
longing to feldspar. 

FELis-^Lat. A cat. 
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PsNEo'iris— Specific Qame of a foisil 
samia (p* 65). 

PBBRtr'eiKous— fr. ItLtfirrum, iron. 
Containing iron. 

Ficoi'DM-^fr. [at ficus, 8 fig-trae, 
and gr. etdos^ resemblance. Speci- 
fic name of a fossil plant 

FmxAXji'NTUK — Lat The firma- 
ment. 

Fis'siLs — fr, lat Jlndo, I apUt 
Easily split 

Fis'suax-^A crack, a separation ; a 
split 

Flo'ba — fir. lat Jhra^ goddesa of 
flowers. AH the plants of all kinds 
of a country constitute ^flsra of 
that country. 

Fi^tT'yiATiLK — Belongiog or relating 
to a river. 

Polia'cba-— Lat Foliated. 

Folia'tsd — ^ fr. lat folium, a lea^ 
In form of leaves ; leafy. 

Fobaxiiti'feba *~ fr. lat faramtn, 
h(AetJtro, I bear. Name of a tribe 
of minute shells* 

FomKA'TiQjr«<-Any group of rocks 
formed during a particular epoch, 
or of common origin. 

Fos'siL — fr. latybiitQ, I dig. Any 
organic body, or the traces of any 
organic body, whether animal or 
vegetable, which has been buried 
in the earth by natural causes 
(p. 21). 

FossiLfFEaou**— Containing fossils. 

Fos'siLia&D — Converted into a fos- 
siU 

Fv'LcauM — Lat A prop. The 
fixed point on which a lever moves. 

Fvx'abolk — Fr. Subterraneous emis- 
sion of hydrogen gas in consequence 
of the ebullition of certain sulphu- 
rous waters. The hole or orifice 
through which the gas escapes. 

FuMBs — Vapours. 

Fusion — The act of melting ^ state 
effusion, is being melted. 

Fu'siforme' — Lat Fusimorm, spin- 
dle-shaped. 

Gale'ita — fr. gr. gaiene, lead-ore. 
Sulphuret of lead, that is a opm- 
pottnd of sulphur and lead. 
19» 



Gaitoibsavs — An order of fishes 
(p. 48). 

Ga'rvet — A mineral consisting of 
silicates of alu'mina, lime, iron, and 
manganese. There are several va- 
rieties of this mineraL Garnet oc- 
curs imbedded in mica slate, granite, 
and gneiss, and occasionally in 
limestone, chlorite slate, serpentine, 
and lava. 

Ga8 — fr, ger. geistf spirit. The 
name given to all permanently elas- 
tic fluids or airs diflerent from tho 
atmospheric air. 

Ga'ssous — Of the nature of gas. 

Gault — A kind of clay (p. 71). 

Gsla'tibovs — Jelly-like. 

Gs'irsBA— Lat Plur. of genus. 

GBVi'Bic-^Relating to genus. 

Ge'jtus — Lat A kindred, breed, 
race or fiunily. 

Gs'oBss — fr. gr, geddeSj earthy. 
Nodules of iron stone, hollow in 
the centime. Rounded pebbles hav- 
ing an internal cavity, lined with 
crystals, are also so called. 

GB'oexK T — fr. gr. ge, the earth, gei- 
nomai, I beget Science embracing 
the theories of the formation of the 
entire universe. 

Geooko'stic — Relating to geognosy. 

Gxoe'NosT — fr. gr. ge, the earth, 
gnosis f knowledge. Knowledge of 
the mineral substances which con* 
stitute the mountains and strata of 
the earth. 

GsoWgical — Relating to geology. 

Ge'olooist — One skilled in geology. 

Gi'oLOttT — fr. gr.^» the earth, ib- 
g08, discourse. That branch of 
natural history, which treats of the 
structure of the terrestrial globe. It 
is divided into descriptive geology; 
dynfimic geology, which treats of 
the forces by which the surface of 
the earth has been modified ; J9rac- 
tieal and economic geology, em- 
bracing the application of geological 
science to mining, road-making,, 
architecture, and agriculture. 

GiT'sBBs-^From an Icelandic word 
■igDifyiog l«giog or roaring. Cel0- 
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brated spouting foantains of boiliag 
water in Iceland (p. 136). 
GiBBo'siTT — fr. lat gibbfi, a bonch. 
A protuberance. 

Glabsr-— Lat. Smooth, bald, bare. 

Gla'ci£RS — Fr. Masses or beds of 
ice formed in high mountains, de- 
rived from the snows or lakes frozen 
by the continued cold of those re- 
gions (p. 150). 

Oloba'ta. -^ Lat. Globate, rounded. 

Gkeiss — Ger. A rock resembling 
« granite in its constitution and ge- 
neral characters ; but it contains 
more mica and the colours are 
banded, but owing to the arrange- 
ment of the minerals, especially the 
mica, in parallel planes. In con- 
sequence of this structure the rock 
splits into coarse slabs, along the 
planes of the mica, besides having 
the cross fracture or cleavage of 
granite. It is often described as a 
stratified or stratiform granite. A 
rock intermediate between granite 
and gneiss is called gneiasoid gra- 
nite. Gneiss is used for building 
and flagging" (p. 25). 

GOW'IATITES (p. 38). 

GooDHALXii — The name Goodhall 
latinized. 

Gra'lles — Lat Wading-birds. 

Gra'itite — A crystalline aggregate 
of quartz, feldspar, and mica. The 
ingredients of granite vary in 
their proportions, and the rock is 
described as mica'ceous, feldspcUhie 
or quartzostj according as mica, 
feldspar, or quartz is th^ predo- 
minating mineral. It is called Por- 
pkytiHc granite when the feldspar 
is uniformly disseminated in large 
crystals ; they appear like white 
blotches, often of a rectangular 
shape, over a worn surface of the 
rock. 

Grani'tic — Belonging or relating to 
granite. 

Gra'itular — Consisting of grains. 

GmA'FHiTE— fr. gr^graphd, I write. 



A mineral composed of carbon and 
iron, constituting carburet of iron* 
It is known as plumbago and black 
had ; it is used in the manufac- 
ture of lead-pencils. 

Grav'wacks, and Gratwackx—- 
Grer. Grey rock. A name given 
to some of the older shales in the 
geological series, and also to the 
sandstoncis that accompany them. 

Gravel — Small rounded stones vary- 
ing in size from a smalt pea to a 
walnut, or something larger. 

Gravitate — fr. lat. gravis, heavy* 
To tend towards the centre of the 
earth, as all bodies do from their 
weight 

GREEirsAirD~A formation of the cre- 
Ca'ceous group (p. 70). 

Green STOKE — A tough variety of 
trap-rock, consisting chiefly of bom- 
blende. 

Gre's bioarre' — ^Fr. A fine-grained 
solid sandstone, sometimes white, 
but more frequently of a red, blue, 
or greenish colour. It is the same 
as bunter aandsUin, 

Grit — A coarse-grained sandstone. 

GrRuiTDSTXiir — Ger. Greenstone or 
diorite. 

Grt'fhea— fr. gr. grupos, incurved. 
A genus of fossil bivalves. 

Grt'fhites — Generic synonym of 
the produdus aculeatus (p. 49). 

Grt'phitx limestone— a marl, sa 
called from containing gry'phea. 

Grt'phitenkalk — Ger. A name 
sometimes given to zechaidn (p. 49). 

Gtxnospe'rmous — fr. gr. gurnnos, 
naked, ^permo, seed. Having naked 
seeds. 

Gt'pbeoixs — Of the nature of gypsum. 

Gt'psum (jip-sumy — Native sul- 
phate of lime. The transparent 
varieties constitute seknitCy and the 
fine massive Alabaster. Gy'psum 
is converted into plaster of Paris by 
heat. 

Ha'mites — fr. lat hamus, a hook. 
A genus of extinct cephalopoda, 
inhabiting chambered shells, losing 
their spiral form after their com- 
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mencement, and then con tinned for 
a considerable extent with a single 
bend on themselves like a hook. 
They are found in the greensand 
of England. 

Hx'licss— Plar. of helix* 

Hs'lix-— Lat A snail. 

Hx'tsiiogebcal — fr. gr. 'eteros, op- 
posite, kerko8, a tail. Having the 
spine prolonged into the tail (p. 49). 

HxTERo'pHTLi.A — fr. gr. 'etero8, op- 
posite, phuUon, leaf. Specific name 
of a fossil plant (p. 53). 

HiBBERTi — Name of Hibbert la- 
tinized. 

HixBOGLT'PHics-^fr. gT. teroSf sa- 
cred, gluphdf I write. Sculpture 
or saipture writing. 

Hi'ppuBiTxs — fr. gr. ippouria, horse- 
tail: a certain fish. A genus of 

- extinct mollusks, supposed to be 
bivalve. The principal valve is of 
a sub-cylindrical or elongated, co- 
nical form, traversed by one or 
more internal longitudinal ridges, 
and closed by a small sub-circular 

• valve like an operculum (p. 68). 
Hippopo'toxi — ^Lat. Plur. of hippo- 

- potaimus. 

Hippopo'tamus — ^fr. gr. 'ippos, horse, 
potamoSf a river. The River-horse. 

HoLo'pTicvs, and holopti'chius — 
fir. gr. olo8, the whole, ptuchioa, 
folded. A fossil fish of the ganoid 
order, the enamelled surface of 
whose scales was marked by large 
. undulating furrows. It had sharp 
conical teeth (p. 44). 

Ho'mocebcai. — fr. gr. omodt joined, 
kerkoa, a tail. Applied to the tail 
appended to the termination of the 
spine, as in most of the fishes now 
existing (p. 49). 

Ho'BiTBLSirDE — A mineral of dark 

- green or black colour, abounding 
in oxide of iron, and entering into 
the composition of several of the 
trap rocks. There are three varie- 
tiet; common, hornblende-schist, 
and basaltic hornblende. 

HoBVBLBVBS-scHisT^— A thty Taria- 
ty of hornblende. 



Hv'xus— Lat Moist earth. Vege« 
table earth or mould. 

Hu'mxrus — Lat Shoulder. Name 
of the bone placed between the 
shoulder and elbow. 

HT'BODOKs-^fr. gr. u6o9, bent out- 
wards, and odous, tooth. A divi- 
sion of the shark family (p. 44). 

Hy'DRATEB^fr. gr. 'uddr, water. 
Containing water. 

Htbbochlo'bio acid — An acid com* 
posed of hydrogen and chlorine, 
formerly known as muriatic acid. 

Htdbosta'tics — fr. gr.'uddr, wa- 
ter, stad, I stand. The scfknce which 
explains the properties of the equi- 
librium and pressure of liquids. 

Ht^psbstheite "^ Labrador horn- 
blende. It contains iron, si'lica and 
magnesia. Hypersthene rock dif- 
fers from common hornblende only 
in its foliated crystallization and its 
pearly or metallic-pearly lustre. It 
b a very tough rock, with a struc- 
ture resembling gneiss. 

HxpiroiBES — fr. gr. upnon, a sort 
of moss, eidoBi resemblance. Speci- 
fic name of a fossil plant. 

Hx'pooEirx—- fr. gr. upo, under, get' 
nomai, I am formed. A class of 
rocks which have not assumed their 
present form and structure at the 
surface of the earth, but are appar- 
ently of igneous origin and thrust 
up from below. 

Htpo'thbsis — fir. gr. upo, under, 
tithemi, I place. A theory, or sup- 
position. A rational conjecture. 

Htpo'thbtical — Of the nature of 
hypothesis. 

Fchthtosau'bus — ^The fish lizard (p. 
67). 

lo'irxous — fir. lat. ignist fire. Re- 
lating or belonging to fire. 

leuA'iroDoir — ^From iguana, and the 
Gr. odouSf tooth. An extinct genus 
of gigantic herbivorous reptiles, dis- 
covered in the south of England. 

Imbbicata'bia — Lat As if imbri- 
cated, or tile-like. 

Imbbiga'ta — Lat Imbricate, tile- 
like. AirtDged like tiles. 
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Imprs'bsa— Ltt. Imprested, engriT- 
en, marked. 

buBauiTA^LTis — Lat InequivaWe. 
Having aneqVal vaWes. 

brcAiTDs'scEircs — fr. Ut incandet' 
eerej to grow very hot, to be in- 
flamed. The condition of great 
heat, showing a certain light, as if 
the heated substance itself were 
burning. Melted. 

IircAHDE'sciHT — Greatly heated. 

Ikcohk'rsnt — fr. lat. tn, not, eon, 
with, Aasreo, I adhere. Looae, want- 
ing cohesion. 

brcLiNATieiT OF BEDS -— Dip (p. 
185). 

Ikcbusta'tioit — fr. lat crusta, a 
crust A covering like a crust 

IirsaiTi^TERAL — fr. lat inmguaUa, 
unequal, kUtu, (in the genitive, 
laieria,) side. Having unequal 
sides. 

Ikfiltkattoit — fr. lat Jiltrare, to 
filter. The act of filtering through, 
producing an accumulation of li- 
quid. 

Iitoce'baxus — fr. gr. en, with, ke- 
ramos, earthen ware ? A genus of 
bivalve fossil shells, which are chief- 
ly characterised by their hinge and 
the fibrous structure of their con- 
stituent substance. The shell, in 
consequence of the vertical arrange- 
ment of the fibres, readily breaks to 
pieces, and it is often extremely dif- 
ficult to extricate a specimen with 
the hinge and beaks tolerably 
entire. 

Iir PLACE — ^In their original position 
where they were formed. 

InauTiTA'TA — Lat Stained, dirty. 

Iir SERTEIH— Attached. 

Iv 8iTU«— Lat In place. 

IiTTERCALATED — fr. lat mtercolo, I 
place between. Placed between. 

Ihtercala'tiow — The placing one 
substance between others, as one 
stratum between two others. 

IiTTEBFOssD — fr. lat inter, between, 
pono, I place. Placed between. 

I^TBRTRoricAx — Between the tro- 
pics. 



brrRUBioir — ^The act of thruatiDg or 
forcing in. 

TsoLATED — fr. it ieola, an island. 
Separated like an island. 

IsoTHx'BMAL^fr. gr. 1908, oqual, 
therme, heat Isothermal lines are 
those which pass through those 
points on the surfiu^ of the earthy 
at which the mean annual tempera- 
ture is the same. 

Ja'sper — A siliceous mineral of vari>. 
ous colours. 

Joints of DisLocATio]r--<-(pk 187). 

Jitra'ssig — Belonging to the Jur& 
mountains. 

Kxu'pxR — Ger. The upper portion 
of the new red aand^stone forma- 
tion (p. 52). 

KlXMERIDOX CLAT (p. 64). 

KlXXSRIDOE COAL — (p. 65). 

Kv'pferschi'efsr — Ger. Copper- 
slate (p. 47). 

La'bradorits — Labrador spar. It 
consists of silicate of alu'mina, lime, 
and soda, with traces of oxide of 
iron. It is a variety of feldspar. 

Labtri'bthica — Lat Labyrinth- 
like. 

Labtri'itthosoh' — fr. gr. laburin- 
thot, a labyrinth, odous, tooth. 
An extinct genus of batrachians, 
characterited by teeth of a peculiar- 
ly complicated structure, l^he re- 
mains of this genus peculiarly cha- 
racterise the Keuper formation in 
Germany and the corresponding 
sand-stones in England (p. 196, 
and fig. 307). 

Lace'rtiab — fr. lat laeerta, a 
lizard. Any animal of the lizard 
tribe. 

Lacu'striite — fr. lat lacua, a lake. 
Belonging or relating to lakes. 

LiBTis — Lat Smooth, bare, bald. 

LAMANo'Nis—Specific name of a fos- 
sil plant 

Lambs'rti — The name of Lambert 
latinized. 

La'miha — Lat Plur. lamin«B* A 
plate. 

Lahbslip or LAirB8Lii>x.-!r-The re- 
moval of a portioa ci. Imd down 



GLOSSARY. — GEOLOGY. 



225 



an inclined surface, from its at- 
tachment being lessened by the ac- 
tion of water beneath, or by an 
earthquake. 

Lapi'lli — fr. lat lapillus, a little 
stone. Small volcanic cinders. 

Latera'lis — Lat. Lateral. 

La'ta — The substances which flow 
in a melted state from a volcano. 
Lavas vary in consistence and tex- 
ture. 

Ls'kta — Lat. Slow, heavy, stupid. 

LspiDODs'iTDBA — Plur. of lopidoden- 
dron. 

Leptbods'ndboit — fr. gr. Upist scale, 
dendron, a tree. A genus of fossil 
plants, having a scaly bark. 

Lefts'na — A synonym of the genus 
productus (p. 30). 

LiTMERii — The name Leymerie la- 
tinized. 

Lias — (p. 54). 

Li'oifEous — fr. lat lignum, wood. 
Woody ; of the nature of wood. 

Li'oNiTE — fr. lat Ugnum, wood. A 
kind of coal. 

Li'ma — Lat A file. Name of a 
genus of bivalves. 

Liksa'ris— Lat Linear, line-like. 

LiiTE OF BEARING — Strike (p. 185). 

Liquefa'ctiov — The act of becoming 
liquid. 

Lithu'ites and litu'ites — fr. lat. 
Utuu8f a crooked staff. Fossil 
chambered shells, curved or bent at 

. one end {Jig- 8). 

Lithogra'phic — fr. gr. llihost stone, 
graphd, I write. Lithographic stone, 
used for the purposes of litlu/graphy 
(p. 65). . 

LiTHo'pHAGi — fr. gr. lithos, stone, 
phagd, I eat Small worms found 
in slate which give it a red co- 
lour. 

Littora'lis — I^at Littoral ; be- 
longing or relating to the shore. 

Loam — A mixture of sand and clay. 

Lodes — Veins containing metallic 
ores. 

Loess — A German geological term, 
applied to a tertiary alluvial de- 
posit, which occurs in patches be- 



tween Cologne and Basle. The 
term is applied by the English to 
that peculiar yellow loam with cal- 
careous concretions. 

LoNDOir CLAT — (p. 78). 

LoNGiRo'sTRis^-lat fr. longus, long, 
rostrum, beak. Long-billed. 

LoNGisGA'TA^Lat A little longer. 

Lt^copo'dia'ces — fr. gr. lukoa, a 
wolf, pou8, foot A natural order 
of plants which includes the ly'co- 
po'dium. 

LxELLii^The name of Lyell la- 
tinized. 

Ltxkb'a or LiMiTEA — fr. gr. limne, 
a pool. A genus of fresh-water 
snails. 

Li/cBM — Lat Light 

LuGDUKBNSis — Lat Belonging or 
relating to Lyons. 

LiTMACHELLA — See note p. 67. 

Ma'drepo'^ra •— Lat. Compound of 
the French madre, spotted, and 
Lat. porus, pore. A genus of 
corals (p. 141). 

Madrepore — A kind of coral. 

Madrepo'ric— Of the nature of ma- 
drepore. 

Magitb'sia-— A white, tasteless earthy 
substance. 

MAGiTB'siAir — Relating to, or con- 
taining magnesia. 

MAoirE'siAir limestone — Lime- 
stone which contains magnesia. 
An extensive series of beds lying 
above the coal measures. 

Magne'tic — Having properties of the 
magnet or load-stone. 

Mag'num — Lat Great. 

Mam'mal — Any animal that suckles 
its young. 

Mammali'ferous— Containing mam- 
mals. 

Mammi'llart — fir. lat mammilla, 
a little nipple. Studded over with 
small rounded projections. 

Mammoth — An extinct species of 
elephant 

Mante'llia — A genus of fossil cy- 
ca'deiB, named in honour of Mr. 
Mantell. 

Ma'bqabsti'issa. — fr. lat. marges 
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ritum, t pearl, fero, I bear. Pearl- 
bearing. 

Mabins — ^fr. lat mare, the sea. Re- 
lating to the aea. 

Mabl — Argillaceous carbonate of 
lime. There are several Tarieties 
of marl. 

Ma'bshii — The name of Marsh la- 
tinized. 

Mabsu'pial — fr. lat. mariupium, a 
pouch. Any animal having a pe- 
culiar pouch in front or on the ab- 
domen. 

Ma'stodov — ^fr. gr. mastoaf a nipple, 
odouSf tooth. A genus of exUna 
quadrupeds allied to the elephant 

xa'tbtx — Lat The stony substance 
in which metallic ores and crystal- 
line minerals are imbedded. Gon- 
gue. 

Maximum — Lat Greatest 

Meakdbi'it a — ^A genus of polyps. 

MiANDRty'iB — Plur. of meandrina. 

Medtcaok'nela-— Specific name of a 
chara, a kind of fossil moss. 

Medu'i.labt bats — fr. lat medtUla, 
marrow. The vertical plates of cel- 
lular tissue which radiate from the 
centre of the stem through the wood 
to the bark in exogynous plants. 

MxeALi'cBTHTs — fr. gr. megaa, great, 
ichthust fish. An extinct genus of 
fishes, including species of great 
size. 

MEOA'LosoTf — fir. gr. megas, great 
odous, tooth. A genus of peculiar 
fossil bivalve shells. 

Meoalo'mtx — fir. gr. mega$, great, 
onux, a claw. A large fossil mam- 
mal, found in Virginis. 

Meoalosau'rus — (p. 58). 

Mbgathe'rium — (p. 92). 

Mela'icia — fr. gr. mekts, black. A 
genus of fluvistite univalves. 

Mela'phtrt, and Mxla'pbtbx— .fr. 
gr. melaSf black. A kind of por- 
phyry the constituents of which are 
united by a black cement (p. 173). 

Mepbit'ic— fr. mephitis, the goddess 
of foul smells. Applied to impure 
or foul exhalations. 

Mstalli'fsbovs— Containing metal. 



Mxtaxo'bpbic — Relating to meta- 
morpbism. 

Metamo'bpbism — fr. gr. meta, indi- 
cating change, morphe, form (p. 
177). 

Metamo'bphosxs — Plur. of metamor- 
phosis. 

METAxoBPflosis — Change of form* 

Mi'cA — fr. lat micOt I shine. ,A 
mineral generally found in thin 
elastic lamins, soft, smooth and of 
various colours and degrees <^ 
transparency. It is one of the con- 
stituents of granite. 

Mica'ceous— iX)f the nature of mica. 

Mi CA-sc BIST— Mica-slate (p. 25). 

Mi'cBosGOPE — ^fir. gr. mihroa, little, 
8kope6, 1 view. An optical instro- 
ment which enables us to examiiM 
objects too small to be seen by the 
unassisted eye. 

Mi'cBosGopic — ^Minu'te; perceivable 
only by aid of a microscope. 

Mi'u.ioLiTEs, or MiLi'oLA — fir. lat 
milium, a millet seed, and gr. &VAos^ 
stone. A genus of foramini'feroua 
fossil shells found in the neighbor* 
hood of Paris. 

MiLUTOBE OBIT— .Coarse grained, 
quartzose sandstone. 

MiBE — Grer. Any subterraneous work 
or excavation which has for its ob- 
ject the extraction of any mineral 
products, as metallic ores, coal, dec. 

MiHEBAL— -Any inorganie natural 
object, whether solid, liquid or gas- 
eous. 

Mibeba'loot — That branch of na- 
tural science which treats of the 
properties of minerals. 

Mi'bIMA > r - T _* 

Mibus — Lat Little. 

Mihu'ta — Lat Minute, very small. 

Mi'ocebe — (p. 78 and 83). 

MODEBB FOBMATIOSr (p. 95). 

Mola'sse — ^Fr. A fine grained sand* 
stone, usually soft and loose, but 
sometimes sufficiently hard for 
building purposes. 

MoLLusK — fr. lat. mollis, soft. Any 
animal of the class of mollusca. 
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Movi'LE— Lat Belonging or relat- 
ing to a necklace. 

Moitilxfo'bxts — lat fr. monile, a 
necklace, ycrma, form. In form of 
a necklace. 

Mo'nocott'ledoks — fr. gr. fnonost 
single, kotuieddn, seed-lobe. A 
class of plants having but one seed- 
lobe in the embryo. 

MoBxi'iTES — Longitudinal deposits 
of stony detritus found at the bases, 
and along the edges of all the great 
glaciers (p. 131). 

Mosxsau'bus — (p, 76). 

Mucronx'tus— Lat. Pointed, sharp- 
pointed. 

MuLTiLo'cuLAB — fr. lat. muUtUf 
many, loculuSy a partition. Hay- 
ing many chambers or partitions. 

Mu'ral — fr. lat. muruSf a wall. Be- 
longing or relating to a wall. 

Mu'bxx — Lat A shell fish. A genus 
of univalve mollusks. 

Mubica'ta — Lat Full of sharp 
prickles or points. 

Mu'scHXLKALK — Gor. (p. 60). 

Muscle — An organ of motion ; the 
flesh of animals. 

Mu'ssEL — A bivalve moltusk. 

Mvta'bixe' — Lat Mutable, change- 
able. 

Mt'a — ^A genue of bivalve mollusks. 

NA'exLFLVE — . Ger. A coarse con- 
glomerate. . 

Nav'tilus— .A genus of oephalepods. 

Navi'cula— Lat A little boat 

Neogo'miaf and keocomiek^ — Fr. 
The lower beds of the cretaceous 
system in the south of France and 
elsewhere, are described by the 
French geologists under this name. 

Neftu'itiah— From Neptune, god 
of the sea. Belonging or relating 
to water. 

NsBi'irsA — A genus of fossil uni- 
valves, resembling both Cere'thium 
and Turritella (p. 63). 

Nebtures— Veins of leaves. Also, 
the tubes for expanding the wings 
of insects. 

Nevbo'fteba — fr. gr. neuron, anerve, 
pteron, wing. An order of insects. 



Neubo'ptebis — A genus ef fossil 
plants (p. 41). 

New bed baitd-stoke— (p. 47). 

Nidifo'bmib — Lat In form of a 
bird's nest. 

Nilso'nia — A genus of fossil plants. 

NoDo'sns — Lat Knotty. 

No'bttls — fr. lat nodus, a knot. A 
rounded irregular lump or mass. 

Nob'mal — fr. lat norma, a rule. Ac- 
cording to the peculiarities of a 
family or genus, without the least 
departure. 

NOBWICH, or NoBtOLK CBAG A 

tertiary formation which rests on 
the London clay or chalk, and in- 
cludes marine shells (p. 84). 

Nu'cLBUS — Lat A kernel. The 
solid core of a body. 

Nu'cuLA — fip. lat nux, a nut A 
genus of bivalve shells with nume- 
rous teeth like those of a comb. 

NuMHtJLi'TEB — fr. lat nummus, 
money, and fr. gr. liikos, stone. 
Fossil money. An extinct genus 
of cephalopoda, of a thin lenticular 
shape, divided internally into small 
chambers. Nummnlite limestone 
obtains its name from the presence 
in it of these shells in great abund- 
ance. In Alabama there is a moun- 
tain range entirely composed of 
one species of nummulite. 

NuTBi'TioB — ^The animal function by 
which the various organs receive 
nutritive substances (previously pre- 
pared by the several organs of di- 
gestion), necessary to repair their 
losses and maintain their strength. 

Oblo'b^ous — .Lat Oblong. 

Obova'ta — ^Lat Obovate. 

OboVate— fir. lat ob, for, opposite, 
ovum, egg. Reverse of ovate or 
egg-shaped. 

Obsi'diak — Named ader Obsidius. 
A glassy lava. Volcanic glass. It 
consists of si'lica and alu'mina with 
a little potash and oxide of iron. 

Octoplica'ta— Lat oefo, eight, pU' 
cafta, folded. Having eight folds. 

Old bed sandstoite — (p. 37). 

O'oLiTS — ^fr. gr. don, an egg, Uthos, 
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(Stone. A granular variety of car- 
bonate of lime, frequently calleu 
roestoru (p. 58). 

(Politic — Belonging or relating U> 
o'olite. 

Opals'scsitt — Resembling o'pal, a 
beautiful mineral, characterized by 
its iridescent reflection of light. 

Ops'bculum — fr. laL optrio, I cover. 
The lid which protects the gills of 
fishes, and closes the opening of 
certain univalve shells. 

Orbiculi.'ris — Lat. Orbicular. 

Orbit — fir. lat orbiSi a circle. The 
circular cavities in which the or- 
gans of vision are lodged, are named 
the orbits. 

Ores — fr. ger. erze. Mineral bodies 
from which metals are extracted. 

Org Air — fr. gr. organon, an instru- 
ment Part of an organized being, 
destined to perform some particular 
function ; the ears are organs of 
hearing, the muscles organs of mo- 
tion, &^ 

Orga'icic — Relating to organs. 

Oroaki ZED— Possessing organs. 

OROAiriZA'Tioir — A mode of struc- 
ture. 

Orga'ictsans — Lat. fr.gr. organod, 
I arrange, or provide with organs. 
Organizing, constructing. 

Orthis — A genus of fossil bivalve 
shells (p. 29). 

OrtHOCE'RAS 1, qoN 

Ortho'ceratite 3 ^ '* 
OsciLLA'Tioir — fr. lat otdllum, an 

image, hung on ropes and swung 

up and down in the air. The act 

of moving backwards and forwards 

like a pendulum. 
Oscilla'tort — Swinging backwards 

and forwards like a pendulum. 
Ostra'cea — Family of bivalves which 

includes the oyster. 
Os'TREA — Genus of bivalves ; an 

oyster. 
Outcrop — The emergence of a rock, 

in place, at the surface. 
Outlier — A hill or range of strata 

occurring at some distance from the 



general mass oi ^formation to whieh 
it belongs. 

Ova'tus— Lat Ovate, egg-shaped. 

OvERLTiirp — When one stratum lies 
over, or overlaps another, it is said 
to be overlying. 

Oxford clat — (p. 62). 

O'xiDx— .fr. gr. 00CU8, acid, eidog, 
form. A compound, which is not 
acid, containing oxygen. 

O'xTOEir — fr. gr. oxus^ acid, gennetn^ 
to generate. Vital air. 

Pa'chtde'rha — Lat. fr. gr. pachutf 
think, derma, skin. Thick-skin- 
ned. 

Pa'chtde'rkata — Lat Pa'chj- 
de'rms. 

PACHTDE^RKS^An ordcr of quadru- 
peds, including the elephant, horse, 
pig, &c., distinguished by the thick- 
ness of their hides. 

Pa'chtde'rmatovs — Relating to pa'* 
chyde'rms. 

Pa'chtoita'tus — Lat fir. gr. ptiehtu, 
thick, gnathost jaw. Specific name 
of the labyrintbodon (p. 197). 

Paliboiti'scus — (p. 48). 

Pa'ljeokto'logist — One dulled in 
paleontology. 

PALiEOiTTo'LOGT-^fr. gr. pokdos, an- 
cient, on, creature, logoSf a dis- 
course. That branch of zo'ological 
science which treats of fossil organic 
remains. 

Paijb'ozoic — fr. gr. palaioa, ancient, 
zoCj life. Relating to ancient life. 

Paleothe'rium — (p. 83). 

Palmaci'tes — A genus of fossil 
plants. 

Paludi'ita — fr. lat palus, a marsh. 
A genus of fresh water gasteropods. 

Paludi'wjb — Plur. of paludina. 

Paludihe— Belonging to a marsh. 

Parallel — Extended in the same 
direction and preserving always the 
same distance. 

Paralle'lisk — The state of being 
parallel. 

Paralle'piped — A solid contained 
by six planes, three of which are 
parallel to the other three. 
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Pa'rasiti — An adherent, a banger on. 

Puiasi'tic — Of the nature of a para- 
site. 

Pabi'xtsb — fr. lat. paries, a wall. 
The sides or parts forming an en- 
closure. 

Pabis basik — (p. 79). 

PSAT-BOO 3 >>P* '* 

Peco'ptebis — fr. gr. pekoa, sheep- 
skin, pieris, a fi^rn. A genus of fos- 
sil ferns. 

Px'cTEN — Lat. A comb. A genus 
of bivalve mollusks. 
. Psctiita'ta — Lat Pectinate; like 
the teeth of a comb. 

Ps'li^icle — ^fr. lat pellU^ a skin. A 
thin akin, or crust. 

PsNiNx roBMATioir — ^New red sand- 
stone (p. 47). 

Peitta'mebus or Pehtame'bus— fr. 
gr. pente, five, meroa, a part (p. 31). 

PBirtA'ireuLA'TiTs — Lat Having 
five angles. 

PxBcoLATs — fir. lat per, through, 
cob, I strain. To strain or drip 
through. 

Ps'bidot — Prismatic chrysolite (p. 
121). 

Px'blitx— Pearlstone, a gray variety 
of obsidian. 

PbbxjINebt oas — Any gas which 
remains in the aeriform state under 
ordinary circumstances. 

PxBo'xiDx— The highest degree of 
ozidizement of which a metal or 
other substance is susceptible with- 
* out becoming an acid. 

pBs-PXLiCA'iri — Lat Pelican foot. 

Phavebooa'mia — fr. gr. pharteroa, 
evident, gamos, marriage. The di- 
vision of the vegetable kingdom in 
which all the plants bear flowers, 
and are multiplied by means of true 
seeds. 

pHANSBo'eAMons— 'Belonging or re- 
lating to phaneroga'mia. 

Pheko'xxita — Plur. of phenomenon. 

Phxko'mbnon — Gr. Appearance, vi- 
sible quality, event 

Pho'las — fr. gr. pholeos, a lurking 
place. A genus of mollusks. 
20 



Pno'LADm — Plur. of Pholas. 

Pho'lodomt'a — A genus of mol- 
lusks. 

Pho'kolite — Clinkstone, a species 
of compact bs»alt, which is sonor- 
ous when struck (p. 171). 

Phospho'bic 7 fr. gr. p?io8, light 

Phosphobe'scxbt 3 Emitting light 
in the dark. 

Pistillifo'bicis — ^Lat. In form of a 
pistil. 

PLACOIDEA^fTS (p. 48). 

Placu'nea — Lat fr. gr. plakoeis, 
broad, flat, even. 

Plahebkalk — Ger. (p. 71). 

Plasio'stoka — fr. gr. plagios, ob- 
lique, stoma* mouth. A genus of 
bivalve mollusks. 

Plaito'bbis — fr. lat planus, flat, or- 
bis, a circle. A genus of marsh 
snails (p. 83). 

Pla'itus— Lat Flat 

Plastic clat — (p. 78). 

Plasteb of pabis — A substance pre- 
pared by heating gypsum. 

Pla'tead — Fr. An elevated plane, 
or table land. 

Pla'teaux (pla'-to) — Plur. of pla- 
teau. 

Plati'wa or PLATi'wuM — ^fr. sp. pla- 
ta, silver, on account of its colour. 
A metal of a whitish colour, exceed- 
ingly ductile, malleable, and of diffi- 
cult fusion. 

Plattso'mus — (p. 48). 

Plei'stosau'bus — (p. 57). 

Pleis'tocene — fr. gr. pletstos, the 
most, kainos, recent. The newer 
pliocene formation or newest tertia- 

Plbu'boitxctxs — ^fr. gr. pleura, side, 
nektes, swimmer. A genus of 
fishes. 

PiEUBo'TOMA -^ fr. gr. pleura, side, 
tome, a notch. A genus of univalve 
mollusks, having a notch in the 
side of the shell. 

Pleubotoma'bia — A tribe of mol- 
lusks. 

Plica'tuia — fr. lat. plica, a fold. A 
genus of mollusks (p. 72). 

Pli'ocens — (p. 78 and 89). 
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PiuTowic — After Pluto, the god of 
fire. Relating to fire. 

Poikili'tic — fir. gr. poikihs, varie- 
gated. A name applied to the new 
red sandstone formation in con- 
sequence of the varieties of colours 
it exhibits. 

Po'ltp — fr. gr. pohu, many, potts, 
foot A radiated animal which has 
a cylindrical or oval body, or sac, 
with an opening at one extremity, 
around which are long feelers. 

Poltpa'bti., and poitpia'bia — 
Groups of polyps or animalcules 
which form coral. 

Poitpa'rium— The skeleton or frame- 
work formed by coral animalcules. 
When this frame-work is of a stony 
hardness it constitutes coral. In 
fossils the polypcarium alone re- 
mains. 

Po'rous — Containing pores. 

Pobphtri'tic — Of the nature of por- 
phyry. 

Pob'phtrOid — Resembling porphyry. 

PoBPHTBT — fr. gr. porphura, purple. 
Originally applied to a red rock 
found in Egypt. A compact feld- 
spathic rock containing disseminat- 
ed crystals of feldspar, the latter 
when polished, forming small angu- 
lar spots, of a light colour, thickly 
sprinkled over the surface. The 
rock is of various colours, dark 
green, red, blue, black, &>c 

Pobbe'cta — Lat. Extended. 

PoRTLAlfB O'OLITK (p. 64). 

PoSIDO'lTIA (p. 52). 

Pozzuola'ka and pouzzuolaki — 
Volcanic ashes used in the manu- 
fttdure of mortar which hardens 
under water: exported from Poz- 
zuoli, near Naples. 

Pbecipita'tioic — The action, by 
which a body abandons a liquid in 
which it is dissolved or suspended, 
and becomes deposited at the bot- 
tom. 

Pbisma'ticum — Lat. Prismatic. 

Pbodu'ctus — A genus of extinct mol- 
lusks (p. 29, 30, and 39). 



Ptebi'chthts — (p. 32). 

Ptbboda'cttli — Lat Plur. of pte- 
rodactyl us. 

Ptkboda'cttlus — (p. 67). 

Ptxbo'phtli.um — ^fir. gr. jD/eron, wing, 
phuUorifieut A genus of fossil plants. 

PuDDiiro STONE — Conglomerate. 

P^TjcicE — Vesicular obsidian. 

Pi 'bites — A compound of sulphur 
and iron. 

Pt'boxeite — (p. 121). 

Ptboxeitic — Of the nature of py- 
roxene. 

QuADEBSANDSTEiK — Gcr. The lower 
cretaceous beds in Germany : any 
sandstone fit for building purposes. 

QuAdUAVEBSAL — ^Tuming each way. 

QuABBT — A stone mine ; a place 
where stones are dug. 

QuABTZ — Ger. Rock crystal. A con- 
stituent of granite and some other 
rocks. 

Qua'btzose — Of the nature of quartz. 

Radia'ta — Lat Radiate: the name 
of a class of zo'ophy tes. 

Ra'dtatb — fr. lat. radius, a ray. 
Furnished with rays. 

Ra'bius — Lat A ray. The semi- 
diameter of a circle ; a ray drawn 
from the centre to the circumference. 

Radia'ttoit — The emission of rays 
of light, or of heat, from a luminous 
or a heated body. 

Ra'diolites — A genus of fossil 
shells ; the inferior valve of which 
is in the shape of a reversed cone, 
the superior valve convex (p. 69). 

Raft — Trunks of trees and other 
vegetable debris matted together, by 
natural causes, and sunk in a river 
or stream. 

Rag— (p. 69). 

Rapi'lli — Small volcanic cinders. 

Rbactioit — The force exerted by two 
bodies which act mutually on each 
other. 

Rea'loab — ^Red sulphnret of arsenic 
A compound of sulphur and ar- 
senic. 

Repbigsba'tion — The act of cool- 
ing. 
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Rssiirous — Containing resin. 

Retu'sits — Lat Retuse \ blunted. 

Reyolu'ta — Lat Turned again. 

Rock — Any mineral aggregate (p. 13). 

RoDEiTTiA — fr. lat rodere, to gnaw. 
An order of mammals. 

Rodents — Gnawers ; animals of the 
order of rodentia. 

Rolled fliitts — (p. 129). 

Rostella'ria — fr. lat rostellum, a 
little beak. A genus of univalve 
moUusks (p. 85). 

Rothomage'hsis — Lat from rotho- 
ma'gumf a temple of Roth, a di- 
vinity of that part of Gaul, now 
called Nolrmandy; hence too the 
name of the city Rouen. Belong- 
ing or relating to Rouen. Specific 
name of an ammonite. 

Rothe-todte-liegbsde — Ger. New 
red sandstone (note, p. 47). 

Rota'ta — Lat Rotate ; wheel- 



RoTu'iTDus — Lat Round. 

Rubble — Angular and broken frag- 
ments of subjacent rock lying be- 
neath the superficial mould. 

RuDi'sTES — fr. lat rucUs, unacquaint- 
ed, because the characters of the 
animal were unknown. Name of 
a family of extinct moUusks in the 
shells of which neither the hinge, 
the ligament of the valves, nor the 
muscle of attachment is discover- 
able. The family contains six 
genera : Spherul^es, RadioUtea, 
CalceolOf Birostritea, Discina, and 
Crania. 

Rd'gosa — ^Lat Rugose, wrinkled. 

RuGosiTT — A wrinkling. 

RuMiiTA^irTiA — Order of mammals 
which chew the cud. 

RusciiTAirTS — Animals that chew the 
cud. 

Rta'colite — (p. 120). 

Saccharoid — fr. lat saceharum, 
sugar, and gr. eidoSf resemblance. 

' Resembling loaf-sugar. 

BAL-AMUfo'iTTAC — A compouud of 
ammonia and hydrochloric acid. 
Muriate of ammonia. 



SALfFBBOVS FOBMATIOir (p. 47). 

Salt — Any combination of an acid 

with a salifiable substance. 
Sandali'ka — Lat. Sandal-like. 
Saztdbteik — Ger. Sandstone. 
Saitdstokb — Any rock consisting of 

aggregated gnrains of sand. 
Sau'bians — fr. gr. sauros^ a lizard* 

Animals of the lizard tribe. 
Sauhoid— fr. gr. sauroSt a lizard, «• 

dos, resemblance. Resembling a 

lizard. 
Saxi'oen ous — fr. lat saxum, rock, 

and gr. geinomaiy I produce. Rock 

producing; rock forming. 
Sca'bba — ^Lat Rough. 
Scaphi'tes — fr. gx. skaphe^ a boat 

The boat ammonite (p. 73). 
Schist — Ger. fr. gr. schiaios, split 

Slate. 
ScHiSTo'sE — Slaty. 
Sco'ri£ — Lat plur. of seoriot dross. 

Volcanic cinders. Cinders and 

slags of basaltic lavas of a reddish 

brown and black colour. 
Scoria'ceous — Of the nature of 

scoris. 
Sco'riform — ^In form of scoris. 
Seams — Thin layers or strata inter- 
posed between others. 

SeCOK^DART FORMATIOir — (p. 36). 

Secreted — Separated by the action 
of organs. 

Se'dimbnt — fr. lat sedeo, I sit, that 
which subsides, or settles to the 
bottom of any liquid ; dregs. 

Sedime'ktart — Belonging or relat- 
ing to sediment 

Sel'skite — A variety of gypsum. 

Sella — Lat A saddle. 

Semicrt'stalliite — Partly crystal- 
line. 

Seksiblt — Perceptibly. 

Se'pia — A kind of paint or ink pre- 
pared from the cuttle-fish. 

Septa — ^Lat plur. of septum. 

Septa'hia — ♦* Flattened balls of stone, 
which have been more or less 
cracked in different directions and 
cemented together by mineral mat- 
ter which fills the fiasures.'' 
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Septum — Lat. A partition. 

Sbbix'ls' — Lat. fr. aeria, a jar. Jar- 
iike. 

Sxb'pxktifx — A magnesian rock of 
various colours and often speckled 
like a serpents back. It is gene- 
rally dark green. 

8xK'pni.A — fr. laU aerpo, I creep. A 
genus of anneli'dans which inhabit 
a calcareous tube, usually adherent 
to the shells of mollusks. 

Sss'siLE — fr. lat aeasilis, dwarfish. 
Without a pedicle or support. 

Shi.lx — An indurated slaty clay, or 
clay-slate. 

SHiireLE — Loose, water-worn gravel 
and pebbles. 

Sigilla'ria — fr. lat. ai'gtUumt a 
seal. Fossil plants found in the 
coal formation. 

Si'lsx — fr. gr. ehaUst a pebble. The 
principal constituent of quartz, rock- 
crystal, flint, and other siUcious 
minerals. 

Si'lica — Silicious earth ; the oxide of 
silicon (the elementary basis of si- 
lica), constituting almost the whole 
of sikx or flint. It combines with 
many of the metallic oxides, and 
is hence sometimes called nli'cic 
acid, 

Si'licate — A compound of silicic 
acid and a base ; silicate of iron is 
a compound of silicic acid and 
oxide of iron ; plcUt-glasa and win- 
dow-glass are silicates of soda and 
potassa, and Jlint'glass is a similar 
compound with a large addition of 
silicate of lead. 

SiLi'cious — Containing silica. 

SiLi'ciFixD— Petrified or mineralized 
by silicious earth. 

Silt — The name given to the sand, 
clay, and earth which accumulate 
in running waters. 

Silu'riak system — Series of rocks 
formerly known as the grtywacke 
series (p. 28). 

Sihua'ta — Lat Hollow, excavated. 

Si'irus— Lat A hollow or excava- 
tion. 



Sikuo'sitt — A hollow, an irregular^ 
winding excavation or hollow. 

Si'pHoir — fr. gr. siphArif a tube. A 
cylindrical canal, perforating the 
partitions of multilocular shells. 

Si'pHuNCLE — A small siphon. 

Slate — A well known rock, whicH 
is divisible into thin plates or 
layers. 

Socia'lis — ^Lat Social ; relating to 
companions. 

Solfata'ba — It A volcanic vent 
emitting sulphur and sulphurous 
compounds (p. 115). 

SoLEM — Lat The sun. 

SOMMA— It (p. 103). 

Spata'kgus — fr. gr. spataggos, a spe- 
cies of echinus. A genus of sea- 
urchins, having the mouth situated 
laterally, and but four rows of 
pores. 

Species — A kind; a subdivision of 
genus. 

Specific weight, or Specific oba- 
viTT — The relative weight of one 
body with that of another of equal 
volume. 

SpAKo'pTERis —7 fr. gr. sphen, a 
wedge, pteriSf a fern. A genus of 
fossil plants. 

Sphe'icopht'llites — fir, gr. sphen, 
wedge, phullonj leaf, Uthos, stone. 
A family of fossil plants. 

Sphe'bulites — fr. gr. spkairOj a 
sphere, lithoSf a stone. A variety 
of obsidian or pearlstone which 
occurs in rounded grains. 

Spiko'sa ^La^ Spinous; covered 

Spiwo'sum 5 with spines. 

Spi'BlFBB--(p. 30). 

Stala'ctites — fr. gr. stalassd, I drop. 
Conical concretions of carbonate oi 
lime attached to the roofs of calca- 
rious caverns, and formed by the * 
gradual dropping of water holding 
the carbonate in solution. 

Stala'gmites — Stalactical forma- 
tions of carbonate of lime, found 
on the floors of calcareous caverns. 

Stau'botide — fr. gr. stauros, a cross, 
eidos, form. Cross-stone. Pris- 
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fttatic garnet. It is very abundant 
In New England. 

Btbllas — Lat Stars. 

Sri^KA^tiTA — fr. gr. stigma, an im- 
pression. A Vegetable fossil (p. 42). 

Btba'ta — ^Lat plur. of stratum. 

Stba'tum — Lat A layer, a bed. 

SrRATiFiCA'Tioir-^An arrangement 
in beds or layers. 

Stba'tified — Arranged in strata. 

Btkijb — Lat. Diminutive channels 
or creases. 

Striated — Marked with stris. 

Strike — ^The direction of strata ; the 
tine of bearing (p. 185). . 

Sub — Lat Under. 

SuBAPENKiKE — Applied to a portion 
of the pliocene strata. Low hills 
which border the Apennines. 

Sublixa'tion — The process by 

which Tolatile substances are raised 

by heat, and again condensed into 

' the solid form. The substances so 

obtained are called aul/limates* 

SuBHf ARiK^E — Beneath the sea. 

Submerges — Immersed or covered 

■ by water. 

Subplica'ta — Lat Somewhat plait- 
ed. 

SUBSIDEKCE — (p. 99). 

Substratuk — An under-layer or 
bed. 

Sulca'ta ^ Lat Sulcate ; grooved 

Sulca'tus 3 or furrowed. 

Sulphatisa'tioit — The act of con- 
Terting into compounds containing 
sulphur. 

Sul'phdret — A compound of sul- 
phur with an other solid. 

Suu^hiKric 7 Helating to sulphur. 

Sulphurous 5 Applied to acids 
composed of sulphur and oxygen. 

Superposed — fr. lat. super, above, 
pono, I place. Placed above. 

Stbkite and sibnite — A granitic 
rock from Syent or Siena, in Egypt 
It consists of quartz, feldspar and 
hornblende. It is tougher than 
granite and a more durable building 
stone. 

STircLiKAL — fr. gr. sun, with, kKnein, 
to incline. Synclinal axis (p. 160). 
20* 



System of upHEArAi— (p. 189 and 
191). 

Tabular — ^In form of a table ; hori- 
zontal. 

Talc — A foliated magnesian mineral 
of an unctuous feel, often used for 
tracing lines on wood, cloth, 6cc 
which are not so easily efiaced as 
those of chalk. 

tal'cose — Of the nature of talc. 

ta'lus— -A sloping heap o( fragments 
accumulated at the foot of a steep 
rock. 

Temperature — A definite degree of 
sensible heat 

Tewdok — ^f. gr. teind, I stretch. A 
fibrous cord at the extremity of a 
muscle, by which the muscle is 
attached to a bone. 

Tbrsbe'llum — ^fr. lat terebro, I bore. 
A genus of gasteropod mollusks. 

TeRebra'tula — (p. 30). 

Ter'mikal — Belonging to the end. , 

TeHTIART FORMATIOir — (p. 77). 

Testa'ceous — fr. lat testa, a shell. 
Consisting of carbonate of lime and 
animal matter. 

Testudik^a'ria — ^A tribe of chelonian 
reptiles. 

The'rmal — fr. ■ gr. therme, heat 
Warm, hot 

The'rmometer — fr. gr. therme, heat, 
metron, measure. An instrument 
for measuring heat. 

Thix out — Strata are said to thin 
ou^ when they diminish in thickness. 

Tissue — fr. lat tela, a web. A web, 
or web-like structure, constituting 
the elementary structures of ani- 
mals and plants. 

Tra'chtte — fr. gr. traehvs, rough. 
A variety of lava. A feldspathic 
rock, which often contains glassy 
feldspar and hornblende. When 
the feldspar crystals are thickly and 
uniformly disseminated, it is called 
irachytic porphyry, 

TrAWSITIOW FORMATIOir — (p. 26). 

Trap — From the Sweedish trappa, 
a flight of stairs, because trap rocks 
frequently occur in large tabular 
masses lising one above another 
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like the gnccessiTe etepc of t ftair 
case. Applied to certain igneoas 
rocks composed of feldspar, aogite 
and hornblende. 
Tra'pfeait — ^Relating to trap rocks. 
Tbapxzoidal — In form of a trape- 
zium. 
Tba'vibtik — fr. it, iraverttno. Lime- 
stone deposited from water holding 
carbonate of lime in solution. It is 
found in the sweet springs of Vir- 
ginia, and at the hot springs of the 
Washita, in Arkansas, as well as in 

. many other places. 

Tmx'icoLiTx — A mineral, often of a 
fibrous structure, generally contain- 
ing si'lica, magnesia, and carbonate 
of lime, originally found in the 
▼alley of Tremola on St Gothard. 

Tbehchaitt — Cutting. 

Tbias — ^fr. lat irea, three (p. 49). 

Tbia'ssic — Of the nature of tries. 

Tbigoka'lis — Lat. fr. gr. treUf three, 
gdnioy angle. Having three angles 
or comers. 

Tbigo'itia — fr. gr. trtgdnoa, three- 
cornered. A genus of bivalve mol* 
lusks most of which are extinct 

Tbigo'itula — Lat Having three 
little angles. 

Tbilobitx— (p. 28). 

Tbitvba'tiok — ^fr. luLtritus, rubbed. 
The act of rubbing or grinding. 

Tbukcatb — Terminating very ab- 
ruptly, as if a portion bad been cut 
oS. 

Tbuitca'tus— Lat Truncate. 

Tu'fa — It A volcanic rock, com- 
posed of an agglutination of frag- 
mented scoris. 

TuBBo— .Lat A twisting. A genus 
of univalve gasleropods. 

Tubbika'ta "> Lat Shaped like a 

Tubbiba'tux 5 top. 

TuBBi'c VLATED — Resembling a tower 
with turrets. 

Tdbbiutxs — (p. 73). 

Titbbite'lla — Lat A little tower 
or turret A genus of gasteropods. 

UbCOBYOBMABLB STBATinCATIOB— - 

(p. 186). 



Ubdula'tioit^-A wave ; arranged in 

a wave-like manner. 
Ukdula'tits — Lat Waved j hav- 
ing a waved surface. 

UviLo'cuLAB — fir. lat. unus, one, fo- . 
cuius, partition. Having but one 
chamber or compartment. 

U'lrio— Lat A pearl. A genus of 
mussels. 

Ubiobxs — ^plur. of unio. 

Ukstbatifies — ^Not stratified. 

Upheavait— (p. 99). 

Uptiltxd— Tilted up ; raised at on« 
end. 

Ubsus — Lat A bear. 

Yallets o» dislocattob — (p. 164), 

Valleys or elstatiob — (p. 161). 

Va'biabs — Lat Vaiying, chang- 
ing. 

Vas'gulab -» Containing numerous 
vessels. 

VsGETATiTE LI7B— Life of uutritlon* 

Vegetable eabth— (p. 14). 

Veibs— (p. 118). 

Ve'bebica'boia — fr.VeniMf and cafr» 
dium» A genus of bivalve mol- 
lusks. 

Vebtbico'sa — ^Lat Ventricose ; in- 
flated, swelled in the middle. 

Ve'btebba — ft, lat tertere, to turn. 
A joint or bone of the spine. 

Ve'btebbs— Plur. of vertebra. 

Ve'btebbal coluxh— The spine or 
back-bone. 

Veb'tetbatb — Having vertebra, or 
a spine. 

Vesigula'bis — ^Lat Vesicular ; con- 
taining vesicles. 

Vi'bgitla — Lat A little rod. 

Vi'BiDis^Lat. Green. 

Vi'tbeous — fr. lat vilrea, glass. Re- 
sembling glass. 

Vi'TBEO-BEs'iHotrs -~ Partaking of 
the nature of glass and resin. 

Vo'LATTLS — ^fr. lat volo, I fly. Capa- 
ble of assuming the state of vapoori 
sndjlyingoff. 

Vola'tilizs— To become volatile. 

VoLCAK ■> . -rt^v 

Voloa'bic— Relating to a yolcanoi. 
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VoLT^miA — A genus of fossil co'nifers. 
Volv'ta — Lat. A whorl* A genus 

of gasteropods. 
Vo'sfiiAir — Belonging or relating to 

Vosges. 
Vuloa'sis— Lat Common. 
Wal'chia — A genus of fossil co'nifers 

(p. 43). 
WxALB — Name of a part of Kent 

and Surrey in England. 

WXALDSV DSPOSIT — (p. 69). 



WaiirsToirx — A Scotch name for 
greenstone and other trap rocks. 

Za'mia — fr. gr. zemia, loss or damage. 
A genus of the order Cyca'des plants. 

Zbchstxiit — Ger. A magnesian 
limestone, lying under the red 
standstone. 

Zo'oPHTTi — fr. gr. zodrtf an animal, 
phuton^ plant. A plant-animal, 
which seemingly partakes of the pro- 
perties of both plants and animals. 



THE END. 



NEW AND IMPORTANT SCHOOL BOOKS, 

TO TEACHERS, PRINCIPALS AND CONTROLLERS 

OF SCHOOLS, ACADEMIES AND COLLEGES 



We take the liberty of calling your attention to a Series 
of Books on the subject of Natural History, which, in the 
opinion of many of the most eminent men in our country, 
is second to no branch of knowledge now taught in schools. 
We ask your attention to these books, because we believe 
them to be superior to any works of the kind ever offered 
to the American public. They are small in size, extremely 
cheap, as accurate in scientific arrangement as the most 
voluminous works on similar subjects, and in every respect, 
such as parents and teachers would wish to place in the 
hands of their children. In confirmation of this opinion of 
the worth of these works, we respectfully invite your 
attention to the following testimonials. 

Very respectfully, your obedient servants, 

GRIGG & ELLIOT, 
JVo. 9 JVbr/A Fourih Street, PhUad'a 
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These books haye been introduced into the Public Schools of Pennsylvania 
•nd Ohio, and no doubt will, ere long, be introduced into all the public schools 
of our other States. 

" We regard the introduction of these works into our public schools, among the 
highest compliments they have received ; for we feel sure that the gentlemen 
who constitute the committee for selecting books, possess too much discernment 
and general knowledge, to pass favourably upon works of inferior pretensions. 
The following gentlemen composed the Committee for selecting books for the 
use of Pubhc Schools.*' Georob M. Wharton, Esq. 

Thomas H. Forsyth, Esq. 
GsoRGB Ehlen, Jr., Esq. 
Francis Lyons, Esq. 
John C. Smith, Esq. 
UkUadelpkia. 
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In addition to the following flattering notices of the American Press, the pub- 
lishers haye received upwards of one hundred recommendations from the most 
prominent professors and distinguished teachers of our country, to the superior 
claims of these works, and urging theur introduction as Class Books into all th« 
Schools. Academies, d&c.. throughout the United States. 



AirsoHsarBs&oa&'s ss&zss. 
FIRST BOOKS 

OF 

NATURAL HISTORY, 

iov. scams, colleges, and families. 

1. ELEBIENTS OF 

ANATOMY AND PHYSIOLOGY. 

2. ELEMENTS OF 

MAMMALOGY, 

The Natural History of Qaadrnpeds. 

a ELEMENTS OP 

OENITHOLOGY, 

The Nataral History of Birds. 

4. ELEMENTS OP 

HEEPETOLOGY AND ICHTHYOLOGY, 

The Natural History of Reptiles and Fishes. 

5. ELEMENTS OP 

CONCHOLOGY, 

The Nataral History of Shells aad Mollasea. 

6. ELEMENTS OP 

ENTOMOLOGY, 

The Nataral History of Insects. 

7. ELEMENTS OP 

BOTANY, 

The Nataral History of Plants. 

a ELEMENTS OP 

GEOLOGY, 

The Natmral History of the Earth's Stmctare. 

This interesting series of books has already met with the most 
flattering reception ever extended to any work issued from the Amer- 
ican press. Introduced into the Public Schools of Pennsylvania, and 
in nearly all the first class seminaries of learning in the United States. 



RECOMMENDATORY NOTICES. 

** Riisc>jenberger*s Series of Books on Natural History, are among; the 
most valuable and useful works, for the use of Schools that have ever been 
published. A knowledge of Natural History, is not only vahmb'e, bui 
deeply interesting; and no one's education Cdn, with such facilities as these 
works afford, be considered complete without it." — National Intelligencer, 

** These are the mo.>t valuable additions of the day to our stock of School 
Books. The avidity with which they have been seized upon is unprece- 
dented. Though the first vol. w.is published for the first time only a few 
months ago, it has already gone through its fifth edition ; the second is fol. 
lowing close upon its heels; and the third promises even to be more popular 
than either of the other two. These books have been adopted by the *■ Koyal 
Council of Public Instruction,' for the use of Schools throughout France. 
They are recommended and have been adopted by some of the most emi 
nent teachers in the United States.*' — Southern Literary Messenger, 

From " The Ladies* Companion, a Monthly Magazine.** June, 1843,— New York. 
W. Snowden, 109, Fulton (Street. 

**RcjscHENBERaER'8 ORNITHOLOGY : Grrigg & EUiot. This is an excel, 
lent book, by one who shows himself perfectly qualified for the task he has 
imdertaken, which is the publishing of a series of works on the different 
branches of education, for the use of schools and colleges. The present 
issue is a general and synoptical view of Ornithology, one of the most 
interesting subjects in Natural History, and will be fi)und of great service, 
both to teacher and student" 

** This is a compendious, and, as it seems to us. a judiciously compiled 
treatise on Ornithology, and one well calculated for the use of Schools ; fur 
which object it is intended." — N, Y, Courier and Enquirer, 

** In the work before us, the plan is happily carried out In its small 
eompass it embraces an immense amount of useful and interesting infor- 
mation." — Buffalo Adv. and Journal, 

** Ornithology, — This is evidently, like its predecessors, an excellent work 
ef instruction ; and ha^ been, in all respects well got up by the publishers.* 
-^Pennsylvanian, 

** A valuable little work, and is divided up and classified admirably. The 
glossary, giving the derivation of the names of birds, is of itself worth the 
price of the volume." — New York Aurora, 

"An exceedingly interesting, and very instrnctive book, and one which 
possesses special attraction (or young ludies." — Baltimore Sun, 

**RirscHENBERGER'8 Series : Kccond Book, — A highly useful and instrnctive 
ichool book. Third Book. — This we consider as decidedly an acquisition 
to our list of school books* the subject is treated of in such a plain style at 
to be adapted to the simplest capacity. Altogether we think the above 
■eries as worthy to take a high and permanent place among our school 
books " — Buffalo Democrat, 

•• We wish we could induce our teachers generally to examine this, as 
well as the earlier works of Dr. Ruschcnberger ; they are admirably 
arranged, and just the very books needed for schools. The work before 
as on the Natural History of Birds is an admirable one, and no teachei 
should neglect to introduce the series. ' — Cincinnati QaxHte, 

•* It is an excellent text book of an interesting' science, comprising much 
knowledyi^ in a brief space, presented in a dear style and with lucid 
arrangement Dr, Rnschenberger, who has already achieved a high charae 
ler in the literary world, is acquiring additional claims by his exertious in 
the field of Natural Science.— Spectator^ Washington CUy, » 



RECOMMElTDATCmY NOTICBS. 

'^ Ru$ehenberger*9 Seriet, — ^These Tolames are constructed apon a new 
and admirable plan, combining great simplicity of arrangement, with a 
perspicuity and sententiousness of style seldom found in works of this 
class; and which has elicited the highest encomiums of upwards of thirty 
ef the leading professors of the country, whose opinions have again been 
endorsed by most of the public prints.*' — U. Slates Adv, 

**The developement of the principles of classification, is among the yery 
bept we have ever seen. Science is here dressed in her own native sim- 
plicity and beauty, so that the philosopher may admire, while the child may 
acquire it — Medual Reporter. 

** It is a choice, and well digested work.** — Atlas, 

** An excellent publication adapted to the youthful mind, and a great help 
to the more matured.** — Mercury, 

**The study of Natural History though generally neglected in schools, 
is of undoubted use : the present work contains a great amount of infor* 
■nation within a small compass, and properly condenses it for the young 
mind.** — N. F. Journal of Commerce, 

«* Ru$ekenberg€r^9 Series. — The subjects are w<41 treated, aod frqm the 
exceeding cheapness, and admirable arrangcmek; i>f these elementary works, 
they are well fitted for general use in public schools and academi^*r- 
New York American, 

** We do not hesitate to say, that this is the best work of the kind and 
dimensions, that hc^s even fallen under our notice. We hope all will emhrace 
the first opportunity of procuring a copy, as we are sure they will pri^ 
it highly." — Botanic Recorder, 

** A well dige>ted and cbrefu'ly arranged abstract of the most interesting 
parts of Natural Science,** — Philadelphia Gazette 

** Admirably adapted to convey an elementary knowledigre on the subjeet 
af which it treats; and will be found an excellent book (ii the student.**^ 
i'ii6/tc Ledger* 

** Valuable in every respect^— it contains a vast amount of infbrmatied, 
condensed into an available form, for the use of schools.**— iSjptrit of the Times, 

** Just such a work as is wanted for elementary instruction, in this pleas- 
ing branch of science.** — New York Evening Post, 

** We regard this series as eminently useful, supplying adequat^y th« 
instruction in natural history necessary to a proper school education.**— 
North American. 

** It is an excellent little work for the purpose designed, written in a cl^ ar 
and fkmiliar style, and will not fail to facilitate the studies of those w\kis 
wish to make themselves acquainted with the subject.** — Suturday Courier* 

** Admirably adapted for elementary instruction.**— iSv^tirtiay Chronicle. 

** We have great pleasure in recomniending it as an excellent elementary 
manual on the subject ** — Medical Examiner, 

^Ornithology — This book is equal in merit to the first and second, and 
IS a most valuable work. It is intended for the use of schools and acade- 
Hiies, aod we would call the attention of parents and others to the series ol 
books to which this belongs, assuring them at the same time, that it will 
answer the purpose for which it is intended, better than any other work of 
tlie kind that we ever saw, or, in our opinion, that was ever published in 
this country. It is divided into questions and answers, contains an exten- 
sive and valuable Glossary, end is illustrated by eight Plates ; and what it 
more the price is so very low that every person can afiord to purchase iU-^ 
Afto i'otk Nets Era, 
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NEW SERIES 

OF 

ENGLISH SCHOOL BOOKS. 

PUBLISBSD AVS VOR SALE BT 

GRIGG A. ELLIOT, 

Na 9 NORTH FOURTH STREET, PHILADELPHIA. 

And for Sale by Booksellers and Country Merchants generally in the U. S. 



7% TeaeherSf Prmeipali and Controllers of SchoolSf Academies 
and Colleges throughout the United States. 



Philadelphia, 9 NoHh Fourth Street. 

Sau-^Believing that you take an- interest in educational imr 

prpvements, we "beg leave to call your attention to an admirable 

series o( School Books on Natural History, prepared by Dr. Rus- 

chehberger. There have hitherto been few works, if any, on this 

•abject, suited to the capacity of pupils at an early age* Thd 

series referred to has, therefore, met with a most cordial reception 

throughout the country, from teaphers, naturalists, and men of 

letters. The volumes are eight in number-^the first being det- 

voted to Anatomy and Physiology; the second to Mammalogy; 

the third to Ornithology ; the fourth to Herpetology and Ichthy- 

ok)gy ) the fifth to Conchology ; the sixth to Ent(»nology ; the 

seventh to Botany ; and the eighth to Geology. They are small in 

aize, extrefmely cheap, as accurate in scientific arrangement as the 

most voluminous works on similar subjects, and in every respect 

such as intelligent parents would wish to place in the hands of 

their childrep. Each work is entirely independent of the others. 

The retail price is only fifty cents per volume for the first seven 

volumes. Orders sent to us directly, or through any bookseller, 

or country merchant, will be promptly attended to. 

Respectfully, your obedient servants, 

«RIQO & £LU9T« 
I 
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CRICC & ELLIOT, 

Pnblish the following valaable list of SCHOOL BOOKS, which consti- 
tule a regular series of ELEMENTARY WORKS, designed for the use of 
COLLEGES, ACADEMIES, and SCHOOLS, also for (am ily use. 

The publishers hope that all TEACHERS who have their pupils' in- 
terest at heart, will examine these valuable series of School Books before 
introducing any others ; and they particularly request that all TEACHERS 
and DIRECTORS of our PUBLIC SCHOOLS in the various states will 
examine G. 6c E.'s new SERIES of COMMON SCHOOL READERS, 
and their other School Books before introducing any others. 

TO TEAGHEBS AHO 8CI00L COIIITTBES. 

RUSCHENBERGER'S popular series of SCHOOL BOOKS on Natural 
History, prepared for the use of Schools, by Dr. W. S. W. Ruscbenberger, 
from the text of Milne, Edwards, &c. 

1, Elements of Anatomy and Physiology, 

2, Elements of Mammalogy, - - - . . 
8, Elements of Ornithology, ----- 
4, Elements of Herpetology and Ichthyology) - ... 
6, Elements of Conchology, - - - . - 

6, Elements of Entomology, - -• 

7, Elements of Botaqy, - - - - 

8, Elements of Geology, about - - - - - 

Each book of the series is complete in itself, and has a full glossary ap- 
pended. The illustrations are numerous, and beautifully executed. Teach- 
ers are respectfully invited to call and examine these works before seleciiog 
for their schools any books on Natural History, these being very cheap, and 
having been approved by distinguished and scientific men. 

Among the very numerous notices received from all parts of the United 
Btates, the publishers subjoin the following: — 

** We have no handbooks equal to these, and we think Dr. R. has con- 
ferred an obligation upon teachers and learners, by producing them in an 
English dress, with all the advantages of well engraved illustrations. The 
whole set of this work, which is furnished at a low price, will prove an in* 
valaal^e acquisition to the school library." 

" Dr. Rtuehenberger*8 series of books on Natural Hishrt/.-^'We have hastily 
glanced over the first four numbers, and have profited much by their peru- 
sal. Besides being a complete system, the different subjects are treated in 
a concise and elegant style by the author. The work is peculiarly adapted 
to the use of our District Schools, and when we see this important branch 
af general education so much neglected, we would urge upon our directors 
to examine Dr. Ruschenberger's Series, and place it where in justice it 
should be, in every district school in the counti7.'' 

** These ^Firsi Books* of Fr. R. have been everywhere received with, 
great and deserved commendation, and they will be found well to merit the 
attention of teachers throughout the United States, as famishing a me^na 
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of instraclien not otherwise to be met with, npm subjects of the utmost 
importance to a course of liberal education. 

"We have, from the same publishers, a set of their series of * Common 
Scltonl Readers' — four in all, arranged progressively — of which, we under- 
stand, that no less than 70,000 have been sold in a short period, a fact 
affording conclusive evidence of the estimation in which these reading 
books are held. These volumes are so arranged as to bring the learner 
forward from matters of simple information to subjects of high interest in 
morals and history, and are well calculated, not only to instruct at the 
time, but likewise to create a fondness for the acquisition of knowledge." 

**Our Booksellers have just received complete sets of Dr. Ruschenber- 
ger*s elementary works on Natural History, for the use of schools and col. 
leges, and to which we would call the attention of those having the instruc- 
tion af our youth in charge. The style of the author appears to be clear 
and succinct, and the various subjects are illustrated by appropriate draw- 
ings. We learn that Dr. R.'s works have been introduced into the public 
schools of Pennsylvania, Ohio, JVfississippi, and other States, and in nearly 
all the first class seminaries of learning in the United States, and have 
always met with a reception truly flattering. 

•* In addition* they have for sale Grigg & Elliot's new series of Com- 
mon School Readers. Wfe have not time to examine them thoroughly, but 
to judge from the many encomiums they have received from the high- 
est sources, we should think they were destined to occupy a high place 
in the esteem of those interested in the cause of education." — New Orleans 
Picayune^ Jan, 4, 1845. 

Ikw and Valuabk Sdutol Books,-^** la vie^ of the long list of recommen- 
dai7 notices by many of the most distinguished teachers in the Union, and 
1^ a cursory examination ourselves, we ckn cheerfully declare thai no 
TEACHER or SCHOOL should be without this series of school books. 
We invite all those interested to call at Davis' and examine them, whore 
they are for sale, wholesale and retail at very low prices." — Indiana State 
Joumalf IndianapoUi. 

** Messrs. Grigg & Elliot, Philadelphia, have published an interesting 
series of books, which we commend to the attention of TEACHERS. A 
series of Readers, adapted to successive classes, which seem. to us well se- 
lected and arranged. A far more important series, and one long caHed for, 
in the shape of elementary scientific treatises on the following subjects: 
Mammalogy, Ornithology, Herpetology and Ichthyology, Botany, Concholo- 
gy, Anatomy and Physiology, and Geology. These works are prepared by 
Dr. Ruschenberger, on the plan and materials of similar books used in the 
pobtic schools of France. They are illustrated with the necessary plates, 
and are eomplete in their treatment of the subject, and undoubtedly deserve 
a place in our nowineagre listof elementary class books of science. These 
works are for sale by M'Oarter & Allen, Charleston, S. C, Allen, M'Carter dc 
Co., Columbia, and Thomas Richards, Augusta, Ga." — Charleston Mercury, 

The publishers have just received, for one school, in Bangor, Maine, an 
order for seventy-five copies each of the above valuable works, which is an 
evidence of the high estimation in which they are held in that section of 
Gantry, by some among the best teachers in New England. 



4 C»KM(0 & eLllOT*^ fOffdOl^ BtHHtS. 

Ptfrthnd, Aupat St, IJMS. 

BiAJi Sir: — ^Yonr note, accompanying Dr. Ruschenberger's Element'arf 
Books on Natural History, for the use of schools, &c., was duly received* 
ibr which please accept, for yourself and the publishers, my sincere thanks. 

Having examined severat of the volumes, I take great pleasure in ex- 
j)ressing my approbation of the work. It is better adapted to the purposes 
of elementary instruction than any other cheap work with which I am ac- 
quainted. 

Among its many merits I regard that of the constant adherence ot the 
author to the language of science as peculiarly worthy of notice. Although 
the descriptions of the various objects treated of may appear obscure at 
drst sight, every difficulty is removed by the copious glossary which ac* 
companies each volume. While the student is acquiring accurate ihstruc* 
tion in natural history, he is, at the same tinie, and with no additional 
labour, adding essentially to his vocabulary. 

With these remarks I would most cordially recommend the work as well 
adapted to fulfil the objects for which it is published. 

Willi much respect yours truly, 

J. W. MIGHEJLS, 

Member of the Natural History Societiea in J^oiton and Porflandf ako of the 
American Assoeiatum of GeohgiatB, 4^ 4^ 4^ 



BruMkmUki Maine^ Stpt. 19, 1846. 

Our schools have long felt a want of suitable text books on th« seyenti 
branches of Natural History; but this desideratum has been happily sup- 
plied by Dr. Kuschenberger^s series, pabUshed by Messis. Giig| 6t ElUot, 
•f Philadelphia. 

These truly scientific, yet cheap works, can scarcely fail of diffusing a 
more extended taste for those too long neglected branches of education* 
'which, when properly pursued, will breathe new life and vigour into oor 
systems of education. 

Elementary works on Natural History are too oAen spoiled by an attempt 
to divest them of scientific terms, thus rendering the simple and-determi- 
nate language of science a confused and unmeaning gibberish. But these 
works are a noble exception, simple in their arrangement, and precise in 
their definitions. Professor PARKER CLE AVEL AND, LL. D. 

Bowdoin Collegef Brunswick, I4aint. 

I heartily -concur in the above opinion of Dr. R.'s works, and shall use 
my influence to have them introduced to Brunswick Seminary. 

Yours truly, 
G. C. SWALLOW, A. M. 
Principal Brunswick Academy, Brunswick, Maim^ 



Portland, Aug, 21, 1845. 

DiAR SiHs : — Dr. Ruschenberger's series of** First Books of Natural His- 
tory'' is a most valuable acquisition to all classes of readers, especially to 
the young. 

These classics, admirable in their whole structure and composition, will 
^ate a new era in the facilities .to xkztfMl instrnc^on in the schools of crar 
country. 
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lliongh closed is my course of thirty-five years teaching, I am tempted 
id begin the work anew with these delightful books as auxiliaries. They 
Should be in the HANDS OP ALL TEACHERS who can instruct, and aU 
pupils who can learn. Yours most truly, 

B. CUSHMAN, A. M. 
Portland, ItUePrine^ of iheAmdtmy. 

llKnotB Colkge, Sept 5, 1845. 
It is three years since I first became acquainted with Ruschenberger's 
Series of First Books of Natural History, and I have examined those of the 
^ries which have appeared since that time* i have also itsed these books 
in the instruction of ray classes in college, and I am happy to state that I 
eonsidetr them as vastly superior, for the purposes of instroction, to any 
book or series of books on the Same subject in our language. I take plea- 
sure, therefore, in expressing the opinion that the extensive introduction of 
these books into the courses of instruction in the Colleges of the United 
States would prove of incalculable advantage to the progress of sound edu* 
cation among us. 

SAMUEL ADAMS, M. D. 
• ProfisBor ot Chemistry tmd Natural. History, lUmoia Cotlegi. 
I cheerfully concur in me opinion which Dr. Adams has expressed, and 
ahall use the influence I may have to facilitate the introduction of these 
Urorka into SCHOOLS and PUBLIC fiffiMINAKIES. 

J; M. STURTEVANT, 
Jaekiotmlkf SepU 8, 1845. Pruident of lUmoU Cott^ 
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Pa. Literary f Sdentijle, and MlRtary CoUegiate Institute* 
GnmmsK:— ^I have examined, with attention, the First Books of Natu- 
ral History, by Dr. Rnschenberger, and unhesitatingly express my appro- 
bation of its superior merits. I think it well adapted to the-^wants of our 
Seminaries of Learning generally, and that it should also constitute a part 
•f every private library* As such, I confidently recommend it to the pft* 
tronage of an enlightened public. 

A. PARTRIDGE, 
Prea. of the Pa. JL S, M. C. InMuU, 
Messrs. GRIGG & ELLIOT, Pkiladel^Jm. 

« 

Woodward College, Cincinnati, Ohio, 
GsiTTLEXKK : — ^I have' examined J)r. Roschenberger*s series of school 
books iti the different branches of Natural History. The volumes are, in 
every respect, exceedingly well got up, and their cheapness will place 
tikem within the reach of all classes. 

It is judged expediefit to introduce the subject of Natural History amOng 
the studies of our Common Schools. I know not a work so well adapted as 
Br^ Ruschenberger's, not onhr by ito plainness of style, but by its numerous 
and excellent engravings. The last are essential to the understanding of 
auch works, and vet their cost has hitherto been so great as to exclude them 
from common schools. 

The division into volumes, each embracing one department of Natural 
History, gives the present decided advantage over most other productions 
of 4 fiimiJar character. 

B. P. AYDBLOTT. 
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" RuschetibeTgfii'B Series of Pooks on Natural History, are among flie 
most valaable and useful works, for the use of schools that have ever been 
published. A knowledge of Il^atural History, is not only valuable, but 
deeply interesting; and no one^s education can, with such facilities as these 
works afford, be considered complete without it" — National Intelligencer. 

^ These are the most valoabte additions of the day to our stock of School 
Books. The avidity with which they have been seized upon is unprece- 
dented. Though the first vol. was published for the first time only a few 
months ago, it has already gone through its fif\h edition ;- the second is fol- 
lowing close upon its heels; and the third promises even to be more popu- 
lar than either of the other two. These books have been adopted by the 
' Royal Council of Public Instruction,' for the ose of Schools throughout 
France. They are recommended and have been adopted by some of th« 
most eminent teachers in the United States.'*— iSSou/Aem LUerary Mm^enger, 

''This 18 a compendious, and, as it seems to us, a judiciously compiled 
treatise on Ornithology, and one well calculated for the use of Schools; for 
which object it is intended." — N, Y, Courier and Enquirer, 

** Ru9CHSirBuioKm*8 SvBtss: Second Book, — A highly useful and instruct- 
ive school book. Third Book* — This we consider as decidedly an acquisi- 
tioa to our list of school books; the subject is treated of in such a plain 
style as to. be adapted to the simplest capacity. Altogether we think the 
above series as worthy to take a high and permanent place among our 
school books." — Buffalo Democrai, 

•<We wish we could induce our teachers generally to examine this, as 
well as the earlier works of Dr. Rusohenberger ; they are admirably ar- 
ranged, and just the very books needed for schools. The work before ns 
on the Natural History x)f Birds is an admirable one, and no teacher should 
neglect to introduce the series." — Cincinnati Gazette, 

*^ Ru8chenbe^ger*9 <Srrief.— -The subjects are well treated, and from the 
exceeding cheapness and admirable arrangements of these elementary 
works, they are well fitted for general use in public schools and acade- 
mies." — New York American, 

** We do not hesitate to say, that this is the best work of the kind and 
dimensions, that has ever fallen under our notice. We hope all will em- 
brace the first opportunity of procuring a copy, as we are sure they will 
prize it highly." — Botanic Recorder, 

"Admirably adapted to convey an elementary knowledge on the subject 
of which it treats; and will be found an excellent book for the students— 
Public Ledger, 

** Valuable in every respect, — it contains a vast amount of information* 
condensed into an i^vailabie form for the use of schools*" — Spirit of the 
Times, 

** Just such a work as is wanted for elementary instruction, in this pleas^ 
ing hraneb of science." — New York Evening Post. 

'•We regard this series as eminently useful, supplying adequately the 
instruction in natural history necessary to a proper school education."— 
North American, 

<*It has been justly observed, that 'the double efiTect of the study of Natu- 
ral History is to impart certainty to the mind, and rel^idn to the heart,' and 
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the Christian no less than the man of science, mnst rejoice in erer^ efibrt 
to throw more widely open the sublime and boundless field which it pre- 
sents. This is the design of Dr. Rnschenberger, in^a series of First Books 
of Natural History, which he is preparing for ihe use of schools and Col- 
leges." — Banner of the Cross. 

** The series have met a demand and sale in France almost unparalleled, 
and the works are well adapted, not only for schools, httt for popular read- 
ing and instruction. This worif is from riie French of Eawards and Comte, 
and has received the warm commendation of many of the best physicians 
and scholars in this country." — N. York Evening Taftkr. 

**It is highly comVnended by the very best authorities." — ^JV. Y. IHbwu, 

"This book is highly commended by competent judges, and we there- 
fore give our solemn opinion that it is an excellent work." — Boston Dedly 
Timis. ' 

*< We have ezamitfied this new book for schools and colleges, with pecu- 
liar gratification. The style is succinct and clear, and the subject illus- 
trated by appropriate drawings. We should be glad to see this work 
introduced into all the schools. It teaches knowledge the most important, 
which has been, however, strangely overlooked in our school and college 
system. It is a book which should not be confined to seminaries alone. It 
may be used with advantage by all individuals in society. We repeat, it 
is in all respects a most excellent work, and we hope will receive the al» 
tention and patronage it merits." — BrooiUyn Evening Star, 

*• We are highly pleased with this work. For elementary instruction in 
families, schools and colleges, it is decidedly superior to anything of the 
kind we have seen. It gives much valuable information in a very small 
space, and in style it is generally free from abstruse technicalities. It has 
already received the highest recomipendations firom a large number of 
professional men in different parts of the country ; and it must have, we 
think; a general circulation. It gives that kind of knowledge which should 
be difiTused among ihe mass of the people, and it must and will be patron- 
ized as far as its merits are known."-^2ibfi'« Watehman. 

''This is a most valuable work, by Dr. Ruschenberger, and most ad- 
mirably are the plates, representing all the different parts of the body, done. 
It is cheap, and every parent should place one in the hands of their chiK 
dren."— iV. Y. Heraid. 

•* We have examined this little volume with much pleasure, and think it 
admirably adapted to the purpose for which it is intended. Animal me- 
chanism, as a study, has generally been neglected, except by the few, wl^>se 
profession requires a knowledge of it, and who have time to spare in ac- 
quiring that knowledge. A prominent cause of (he neglect of this useful 
and interesting science by the general .student, is the want of a suitable 
treatise upon the subject, those extant being too voluminous, technical, and 
expensive fi>r general use. The little work before us is happily calculated 
to supply this want It will, we think, be introduced into our schools and 
colleges as a .text-t»ook, but its circulation ought not to t>e con^ned there. 
Every private library should be considered incomplete without iu"— iV. K 
Meehamo* 

** It seems to us to be well suited for the object for which it is designed, 
and it will doubtless be introduced into many of our elementary acfaools." 
•— 7?W American Journal of ihe Medical Sdences. 



^^The plan and arraDfement of the work are admirable, and emiaentljr 
calculated to facilitate the progress of the pupil. We recommend i^ tp 
leachers and heads of families." — PAUadelpma Sat, Chronicle 

** We cann6t too aarnestly reoommend k to pablio attention."— *C»fiaift» 
nail Enquirer, 

^ The repntaCioB of the anthor is a gnarantee that the woiic is a good one. 
On examination wa find it to he so. It is an admirable compend of tha 
enbjeets of which it treats: — we shoald tbinir, indeed, that it would attract 
Uhi attention of teachers, both from its cheapness, and the admirab&e man^ 
ner in which it is arranged."*^Cfri«miia^ Gazefie, 

'*AMfkr as we are competent to determine, it majf safely be welcomed 
as an important addition to the means of elementary instraction in natural 
science,— r^c Friend, '. 

** The Second Book : — ^This number treats of aH animals that in inlhney 
feed on the milk of their mothers ; from the human being down to the mus- 
guito-catching bat. Like the * First Book,' it is divided into questions an4 
answers, and a glossary ; and is illustrated b^ six plates. It is as cheap as 
dirt ; and contains an abundance of useful information. There are tnou- 
sands of persons in this country, and millions in Europe, who do not know 
that whales give milk." — New York Era, 

** The series of books of which this ibrms a part has been highly and 
justly commended by the ablest judges, as furnishing rare facilities in the 
acquisition of branches of knowledge, but too much neglected in onr 
fchools. We have examined the volumes with much care, and we find 
them well deserving ail the praise bestowed on them."— tro^jey'^ Xoa^'# 
ffook. 

** Dr. Bu8c&enberger*9 series of books on Natural History are among th« 
most valuable and useful works for the use of schools that have ever been 
published. The text is that of two distinguished French NaturaUstSy 
Milne Edwards and Aehille Comte-^translated and prepared for the use 
of schools and colleges by Dr. Ruschenberger, who deserves great credit 
for thus devoting bis leisure to so useful an object. A knowledge of^Na- 
tural pistory is not only valuable, but deeply interesting, and no one's edu- 
cation can, with such facilities as are now offered, be considered complete 
without it. Simple and comprehensive as the elements of this science 
have been made by the French professors and Dr. R., and adopted as they 
should be, in schools and colleges, it would be inexcusable in any youth to 
be ignorant of these elements, and having acquired them he will find it 
equally easy and pleasant to enlarge his knowledge, by consulting more 
extended works, and devoting his attention to the study of the various 
branches of this interesting science. The present book on Ornithology is 
npon the same plan and possesses the same merit as those that have pre- 
ceded it, and which have been received with deserved commendation. It 
is brief and comprehensive, bui sufficiently full to give the student a tho- 
rough knowledge of the elements ot Ornithology. It contains also a Glos- 
sary of the terms used in this branch of Natural History, and a number of 
Wood cuts illustrative of the matter contained in the body of the work." — 
Washington National JtaUttigencer. 

** We have mtich pleasure in commending this series of works^— lh« 
third of which now before os> is on Ornithology. It will be fotuid osefiil 
in the school-room^ or the private jstndy."^ (7. a. Gag. 
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OF 
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SMILEY'S ARITHMETICAL RULES AND TABLES 
FOR YOUNG BEGINNERS. 

This is the best work of the kind now in print ; but teachers are particu- 
larly requested to examine for themselves. 

SMILEY'S ARITHMETIC, or the New Federal Calculator, 
in dollars and cents. This work contains, among other important im- 
provements, Questions on the Rules and Theory of Arithmetic, which are 
considered by teachers generally, very conducive to the improvement of 
the pupil. 

Although a prejudice exists among some teachers in favour of the old 
,work8 on arithmetic, yet the very liberal patronage which this work haa 
received, must be considered as decisive evidence of the great estimation 
in which it is held by most of the instructors of youth. Upwards of 300,- 
000 copies have been printed and sold. The sums being altogether in doV- 
hrs and cents, gives it a decided preference over any other arithmetic in 
use. The most distinguished teachers of our city and country pronounce 
it superior to any other like work ; therefore the publisher sincerely hopes 
this useful improvement will overcome the prejudice that many teachers 
l^ave to introducing new works, particularly those preceptors who wish to 
iliaehaiige their duty faithfully to parent and child. 

The editors of the New York Telegraph, speaking of Smiley's Arithme- 
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tic, obsenre, *< We do not hesitate to pronounce it an improvement upon 
everj work of that kind previously before the public, and as such recom* 
mend its adoption in all our schools and academies." 

A KEY TO THE ABOVE ARITHMETIC ; in which aU 
the examples necessary for a learner are wrought at large, and also solu- 
tions given of all the various rules. Designed principally to facilitate the 
labour of teachers, and assist such as have not the opportunity of a tutor's 
aid. By T. T. Smiley, author of the New Federal Calculator, &c. dtc. 

CONVERSATIONS ON NATURAL PHILOSOPHY; in 
which the Elements of that Science are familiarly explained. Illustrated 
with plates. By the author of Conversations on Chemistry," &c. With 
considerable additions, corrections, and improvements in the body of the 
work, appropriate Questions, and a Glossary. By Dr. Thomas P. Jones. 

CONVERSATIONS ON CHEMISTRY; in which the Ele- 
ments of that Science are familiarly explained and illustrated by Experi- 
ments and Engravings on wood. From the last London edition. In which 
all the late Discoveries and Improvements are brought up to the present 
time, by Dr. Thomas P. Jones. 

The learned and distinguished Professors Silliman and Bigelow, speak- 
ing of these works, observe: — ^**They are satisfied that the Works contain 
the fundamental principles, and truths of the Sciences, expressed in a clewr, 
intelligible, and interesting manner, and that the present editions are de- 
cidedly more valuable than any preceding ones. The high character of 
the author, as a lecturer, and a man of science, will, we doubt not, secure 
for these Works the good opinion of the public, and cause their extensive 
adoption among Seminaries and Students." 

TxACHiBs in ordering would do well to say ''Jones' Improved Editions." 

THE BEAUTIES OF HISTORY, or Examples of the 
Opposite Effects of Virtue and Vice, for the use of Schools and Families, 
with Questions for the Examination of Students. 1 vol. ]2mo., with plates. 

This work is introduced into our High School. It is particularly adapted 
for a Class Book in all our male and female Seminaries, &c. 

** We have received from the publishers, Messrs. Grigg &. Elliot, a very 
neat duodecimo volume, entitled *The Beauties of History; or, Examples 
of the opposite effects of Virtue and Vice, drawn from real life.' Afler a 
careful examination of this book, we can conscientiously recommend it to 
parents and teachers as a most meritorious performance. There are here 
Collected, within a narrow compass, the most striking examples of indivh 
dual virtue and vice which are spread forth on the pages of history, or are 
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recorded in personal hiof^rwphy. The noblest precepts are recommended 
for the guidance of youth ; and in the most impressive manner is he taught 
to conquer the degrading impulses which lower the standard of the human 
character. We have not lately met with a volume which, in design and 
execution, seemed so acceptable as this. The book, moreover, is hand- 
somely got up, and illustrated with wood engravings." 

GRIMSHAW'S fflSTORY OF THE UNITED STATES. 

Recently brought up by the author to the present time. 

Also, Queationa adapted to the aboire History ; and a Key, adapted to the 
Questions, for the use of Teachers and Private Families. 

GRIMSHAWS HISTORY OF ENGLAND. Recently 
brought up by the author to the present time. 

Also, Questions adapted to the above History ; and a Key, adapted to the 
Questions, for the use of Teachers and Private Families. 

GRIMSHAWS IMPROVED EDITION OF GOLDSMITH'S 

HISTORY OF GREECE, with a Vocabulary of the. Proper 
Names contained in the work, and the Prosodial Accents, in conformity 
with the pronunciation of Lempriere. 

Also, Questions adapted to the above History ; and a Key, adapted to the 
Questions, for the use of Teachers and Private Families. 

GRIMSHAWS IMPROVED EDITION OF GOLDSMITH'S 
HISTORY OF ROME, revised and corrected, and a Vocabulary 
of Proper Names appended, with Prosodial Marks to assist in their pro- 
nunciation. 

Also, Questions adapted to the above History ; and a Key, adapted to the • 
Questions, for the use of Teachers and Private Families. 

GRIMSHAWS HISTORY OF FRANCE, with Key and 
Questions. 

GRIMSHAWS HISTORY AND LIFE OF NAPOLEON. 

The editor of the North American Review, speaking of these Histories, 
observes, that«*<Among the Elementary Books of American History, we 
do not remember to have seen any one more deserving approbation than 
Mr. Grimshaw's History of the United States. It is a small volume, and a 
great deal of matter is brought into a narrow space ; — but the author has 
ncceeded so well in the construction of his periods, and the arrangement 
of his materiab, that perspicuity is rarely sacrificed to brevity. 
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"The chain of narrative is skilfally presenned, and the author's reflec- 
tions are frequently snch as make the facCs more imrpressive, and lead the 
youthful mind to observe causes and consequences which might otherwise* 
have been overlooked. As a school book it may justly be recommended. 

''What has been said of this volume will apply generally to his other' 
historical works. Thejr are eadi nearly of the same size as the one jnst- 
noticed, and designed for the same object, that is, the use of classes in 
schools. 

''The History of England is an original composition; but the Grecian 
and Roman Histories are Goldsmith's, improved by Mr. Grimshaw, in 
which he has corrected the typographical errors, with which the later edi» 
tiobs of Goldsmith's Abridgments so much abound ; and removed any 
grossness in language, which, in some few instances, render these valua- 
ble compends less useful in the schools to which youth of both sexes resort. 
He has also added a Vocabulary of Proper Names, accentuated, in order 
to show their right pronunciation, which is a valuable appendage to the 
History. 

"AH thes^ books are accompanied with very full and weU-digested- 
Tables of Questions, for the benefit of Pupils, and also with Keys to the 
same, fpr the convenience of Teachers." 

[Teachers generally, who have examined Mr. Grimshaw's Histories of 
the United States and England, and Improved Editions of Goldsmith's 
Greece and Rome, have given them a decided preference to any other 
Histories in use as School Books — ^and any person who will examine t^iem, 
will find about one thousand errors in each corrected ; and teachers order- 
ing those works will do well to say " Grimshaw's Improved Editions."] 

GRIMSHAW'S LADIES' LEXICON, and Parlour Com- 
panion ; containing nearly every word in the English language, and ex- 
hibiting the plurals of nouns and the participles of verbs, being also 
particularly adapted to the use of Academies and Schools. By William 
Grimshaw, Esq., author of the Gentlemen's Lexicon, &c. 

THE GENTLEMEN'S LEXICON, or Pocket Dictionary; 
Oontaining nearly every word in the Snglish language, and exhibiting the 
plurals of nouns and the participles of verbs; being also particularly 
adapted to the use of Academies and Schools. By William Grimshaw, 
author of the Ladies' Lexicon, History of England, of the United States, At. 

** The public are again indebted to the talents of Mr. Grimshaw, for the 
very useful books which he has called 'The Ladies' and Gentlemen's 
Lexicon.' The peculiarity and advantages of these works may be col- 
lected from the following portion of the preface. ' They differ from alt 
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preceding works of the kind in this, tbat they exhibit the pinrals of all 
noims which are not formed by the mere addition of tin letter S, and also 
the participles of every verb now generally used, and unless accompanied 
by a^ particular caution. No word has been admitted whieh se not now of 
polite or popular use, and* no word has been excluded which is required- 
either in epistolary eompbsition or eonyersation.' " 

In the Nashville Republican, we obserye the foUowing notice of thisTery^ 
useful book :^ 

^In recommending the 'Ladies' Lexicon/ therefore, to all our readers, 
male and i^male, who have ever experienced the difficulties which it is- so 
admirably calculated to remedy, we but do an ordinary act of justice to tlM^ 
ai^thor and publisher. We consider the 'Ladies' Lexicon,' and recom- 
mend it to our readers, as a work diat posMsses superior claims on their 
attention and patronage." 

In giving the above extracts, we take occasioi^ to saj^ thai teachers^ will 
find the "Ladies' and Gentlemen's Lexicons^ works admirably adapted to 
take the place, with advantage to their pupils, of the (Cfierent works re- 
cently put into their hands under the name of Eo^potUon, dtc. 

0:;^The above work has been introduced as a Glass Book into many of 
our Academies and Schoote with great approbation. 

BIGLAND'S NATURAL HISTORY of Animals, Birds^ 
Fishes, Reptiles and Insects, illustrated wift numerous and beautiful eii- 
gravings. By John Bigland, author of a " View of the World," ''Letters 
on Universal History," dec Complete in 1 vol. 118mo. 

(Xj* This work is particularly adapted for the use of Schools and Fami- 
lies, forming the most elegantly written and complete work on the subject 
of Natural History ever published, and is worthy of the special attention 
of the Teachers of all our Schools and Academies. 

BIGLAND'S NATURAL HISTORY OP ANBVlALS, iMus- 
trated with 12 beautifcdly coloured engravings* 

BIGLAND'S HISTORY OF BIRDS, illtistratcd with I* 
beautilhlly coloured engravings; 

PERSIA. A DESCRIPTION OF. By Shoberl, with l^ 
eoloure'd plates. 

These works are got up in a very superior style, and well deserve an- 
introduction to the shelves of every family library, as they are very inte» 

resting, and particularly adapted to the juvenile class of readers. 
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CONVERSATIONS ON ITALY, in English and French, 
designed for the use of Schools, Academies, &c. By Miss Juha 8. Hawkesr 
in 1 vol. 12mo. 

(^ This work is spoken very highly of by Miss C. Beecher, (who form- 
^ly taught in Hartford, Conn., and who has done as much for the elevation 
of the female character, an4 for education generally, as any other lady in 
this country,) and has received the highest recommendation from our most 
distinguished Teachers, and the American press. 

MUKEIAY'S EXERCISES, adapted to his Grammar. Grigg 
flmd Elliot's stereotype edition. 

MURRAY'S KEY TO THE EXERCISES. Grigg and 
Elliot's stereotype edition. 

HORACE DELPHINI. Grigg and Elliot's new corrected 
stereotype edition. 

The Delphin Classics (of which Horace Delphini and Virgil Delphini 
are two,) were prepared at the express command of the King of France, 
for the education of his son, the Dauphin. They are not the res alt of the. 
labours of a single man, but of many of the most learned men of whom 
France could boast; and consequently they ought, by every thinking mind, 
to be considered as near perfection^ it is possible to approach. Th^ 
are illustrated in the margin by an ordo, and at the foot of each page by 
most copious and learned notes in the Latin language ; and they are sub-, 
mitted to the judgment of every teacher. 

VIRGIL DELPHINI. Grigg and Elliot's new corrected 

stereotype edition. 

For remarks respecting this work and .the Delphin Classics generally, 
see note to ** Horace Delphini," immediately above. 

HUTCHINSON'S XENOPHON, with notes, and a Latin 
translation under the Greek in each page, by Thomas Hutchinson, A. M. 

This edition of the above valuable work is printed on a large and bold; 
Greek type ; and has, in order to insure its accuracy, been stereotyped. 
The classical elegance and well-known celebrity of Xenophon demand of 
every teacher, that he should place it unmutilated and complete in the 
hands of his scholars, instead of being content with the meagre extracts 
which are made from it in many of the Greek compilations for schools of 
the day. 



VALUABLE WORKS 

FOR 

PUBLIC AND PRIVATE LIBRARIES, 
FUBUSIED BT mtSli ^ ELUOT, 

And for Sale by Booksellers and Country Merchants 
generally throughout the United States. 

SPLENDID LIBRARY EDITIONS, &c. 

Crabbe, Hcbcr and Pollok's Poetical Works, steel portraits, complete in 1 

voL 8vo^ bound, library style. 
The same work, calf extra, embossed gilt, and calf extra gilt. 
Byron's Works, complete in 1 voL 870., including all his suppressed and 

attributed poems, bound, lib. style. 
The same work, calf extra, embossed gilt, and calf extra gilt 
Cowperand Thomson's Prose and Poetical Works, complete in 1 voL Svo., 

bound, library style. 
The same work, calf extra, embossed gilt, and calf extra gilt. 
Rogers, Campbell, Montgomery, Lamb and Kirk White's Poetical Works, 

complete in 1 vol. 8vo., bound, library style. 
The same work, calf extra, embossed gilt, and calf extra gilt. 
Milton, Toung, Gray, Beattie and Collins' Poetical Works, complete in X 
' vol. Svo., bound, library style. 

The same work, calf extra, embossed gilt, and calf extra gilt. 
Mrs. Hemans' Poetical Works, complete in 1 vol. 8vo., bound, lib. style. 
The same work, calf extra, embossed gilt, and calf extra gilt. 

0:^=* This is a new and complete edition, with a splendid engraved like- 
ness of Mrs. Hemans, on steel, and contains all the Poems in the last Lon- 
don and American editions. 
McMahon's American Gardener, 9th editipn, greatly improved, 8vo., fine 

edition. 
Goldsmith's Animated Nature, beautifully illustrated, 2 vols. 8vo., about 

800 cuts. 
Laurence Sterne's Works, with a Life of the Author, written by himself, 

8vo., engraved portrait. 
Barder's Village Sermons* For Family Reading. 
Josephus' Works, 2 vols. 8vo., sheep, gilt. 

0^ The only readable edition published in this country. 
Bay's Political Economy, 8vo., new edition. 
Mason's Popular Sy&tem of Farriery, ne\i^ edition. 

7 
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Hind's Popular System of Farriery, new edition. 

The Stock Raiser's Manual, by W. Yoaatt, with plates. 

The Idiportance of Family Religion, by Rev. S. G. Winchester, 1 vol. 13mo. 

Seneca's Morals. ** Should be found in every library." 

Shoberl's History of Persia, with 12 fine coloured plates, fancy paper. 

Bigland's Natural History of Animals, 12 fine coloured plates, fancy paper. 

Bigland's Natural History of Birds, Fishes, &C., 12 coloured plates, fancy 
paper. 

Dictionary of Select and Popular Quotations, 9th edition. 

The American Chesterfield, containing a complete Treatise on Carving, 
with cuts. 

The Southern and Western Songster, plate. 

The Daughter's Own Book. 

Bennett's Letters to Young Ladies. 

The Gentlemen and Ladies' Book of Politeness, and Propriety of Deport- 
ment, by Mrs. Celnart. 

The Life of General Jackson. 

Winchester's Family Prayers, fine edition. 

The New Testament, royal Svo., large type, new edition, for Family use. 

Letters from a Father to his Sons in College, by Samuel Miller, D. D. 

Bigland'^'Natural History, with 24 coloured plates, half mor. ext. gilt ed., 
and plain School edition. 

Shakspeare's Plays, various editions. 

Weems' Life of Marion. 

Do. do. Washington. 

Polyglott Bible, ISmo., plain sheep, rolled ed. 

Do. do. morocco tucks, gt. ed. 

Do. do. plain Eng. calf, gilt ed. 

Do. do. Eng. calf, super ex. do. 

Do. do. Turkey, mor. gilt ed. 

Pearl Pocket Bible, best ed. published, plain sheep. 

Do. do. ' do. mor. tucks, gt. ed. 

Do. do. do. plain Eng. calf, gt. ed. 

Do. do. do. calf, sup. extra gt. 

Do. do. do. Tur. mor., extra gt ed. 

O^j* All the above Bibles are in the best Philadelphia binding. 

|C7* Public, private, and social libraries) and all who porchase 
to sell again, supplied on the most reasonable terms with every 
article in the Book and. Stationery line ; including new novels, 
and all new works in ever^^SfiSSS?'^^ °^ literature and science. 

All orders will be tb^^w^j^d^^^SS^nd promptly attended to. 




